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PREFACE 


The  purpose  of  the  Report  is  to  document  the  accomplishment 
of  the  Phase  II  Stage  1,  Problem  Confirmation  Study  of  the 
United  States  Air  Force  Installation  Restoration  Program 
(IRP)  at  Wright-Patterson  Air  Base,  Dayton  Ohio.  This  work 
was  conducted  by  Roy  F.  Weston,  Inc.  under  Contract  No. 
F33615-80-D-4006,  Task  Order  No.  0022. 

Mr.  Peter  J.  Marks  is  Program  Manager  for  this  contract. 
Mr.  Frederick  Bopp  III,  PhD.,  managed  this  Task  Order. 
Laboratory  analyses  were  accomplished  at  WESTON 's  Laboratory 
in  West  Chester,  Pennsylvania,  under  the  supervision  of  Dr. 
Theodore  F.  Them.  Roy  F.  Weston,  Inc.  wishes  to  acknowledge 
Major  Wiley  Taylor,  USAF,  Wright-Patterson  Air  Force  Base 
Bioenvironmental  Engineer,  for  his  kind  assistance  in 
conducting  this  project. 

This  work  was  accomplished  during  the  period  November  1983 
to  August  1984.  Captain  Robart  W.  Bauer,  USAF  BSC,  Techni¬ 
cal  Services  Division  ,  USAF  Occupational  and  Environmental 
Health  Laboratory  (USAF  OEHL/TS)  was  the  Technial  Monitor. 


I 

-» 


TABLE  OF  CONTENTS 


I 

I 


i 


i 

•  . 


I 


i 


9 


I 


Title 

Page 

EXECUTIVE  SUM^ARY 

INTRODUCTION 

1-1 

1.1 

Installation  Restoration  Progrcun 

1-1 

1.2 

Progrcun  History 
Air  Force  Base 

at  Wright-Patterson 

1-1 

1.3 

Base  Profile 

1-2 

1.3.1 

History 

and  Description  of  Zone 

1 

1-9 

1.3. 1.1 

Landfill  8 

1-9 

1.3. 1.2 

Landfill  10 

1-11 

1.3.2 

History 

and  Description  of  Zone 

2 

1-12 

1.3. 2.1 

Landfill  11 

1-12 

1. 3.2.2 

Landfill  12  (Hazardous 

1-14 

Storage  Area) 

1.3.2. 3 

Fire  Training  Areas  3 

4  and  POL  Spill  No.  1 

and 

1-15 

1.3.3 

History 

and  Description  of  Zone 

3 

1-15 

1. 3.3.1 

Landfill  3 

1-15 

1.3, 3. 2 

Landfill  4 

1-17 

1.3. 3. 3 

Landfill  6 

1-17 

1.3, 3. 4 

Landfill  7 

1-17 

1.3.4 

History 

and  Description  of  Zone 

4 

1-18 

1,3. 4.1 

Coal  Storage  Pile 

1-18 

1.3. 4. 2 

POL  Spills  2  and  3 

1-18 

1.3. 4. 3 

Chemical  Burial  Site  1 

1-18 

1.3.5 

History 

and  Description  of  Zone 

5 

1-18 

1.3. 5.1 

Landfill  5 

1-18 

1,3. 5. 2 

Fire  Training  Area  1 

1-21 

1.3.6 

History 

and  Description  of  Zone 

6 

1-21 

1. 3.6.1 

Landfill  2 

1-21 

1.3.7 

History 

and  Description  of  Zone 

7 

1-23 

1. 3.7.1 


Landfill  9 


1-23 


A'.*  A 

rrsTTTTT' 

V.'J  VJ'A.VA'V.'y."-*.  r;,»  v  ic-  ».- >  ■ 

'namm 

Table  of 

Contents  (cont'd) 

Section 

Title 

Page 

1 

INTRODUCTION  (cont'd) 

1.3.8  History  and  Description  of  Zone  8 

1-23 

1.3. 8.1  Fire  Training  Area  2 

1-25 

1.4 

Contamination  Profile 

1-25 

1.5 

Project  Team 

1-27  . 

1.6 

Factors  of  Concern 

1-27 

2 

ENVIRONMENTAL  SETTING 

2-1 

2.1 

Topography  and  Surface  Drainage  Regional 

2-1 

2.2 

Geology  Regional 

2-1 

2.3 

Groundwater  Occurrence 

2-3 

2.4 

Groundwater  Development  at  Wright-Patterson  AFB 

2-6 

3 

FIELD 

PROGRAM 

3-1 

3.1 

Program  Development 

3-1 

3.1.1  Zone  1 

3-1 

3.1.2  Zone  2 

3-2 

3.1.3  Zone  3 

3-3 

3.1.4  Zone  4 

3-3 

3.1.5  Zone  5 

3-4 

3.1.6  Zone  6 

3-4 

3.1.7  Zone  7 

3-5 

3.1.8  Zone  8 

3-5 

3.1.9  Analytical  Protocol 

3-5 

3.1.10  Formal  Scope  of  Work 

3-5 

3.2 

Hydrogeologic  Investigation 

3-6 

3.2.1  Schedule  of  Activity 

3-6 

3.2.2  Drilling  Program 

3-6 

3. 2. 2.1  Auger  Drilling  Method 

3-11 

3. 2. 2. 2  Cable  Tool  Drilling  Method 

3-11 

ii 

*  *  -  ‘  *«• 

••  ••  *-  %  •-  ^  s.*  ^  -w*  •  “  •-•••••  •  •  •  r  »  r  . 

Table  of  Contents  (cont'd) 


Section 

3 


Title 

FIELD  PROGRAM  (cont'd) 


Page 


3.2.3  Monitor  Well  Installation  and  3-12 

Construction 


3. 2. 3.1 

Zone  1 : 

Landfills  8  and  10 

3-15 

3. 2. 3. 2 

Zone  2: 

Landfills  11  and  12, 

3-23 

Fire  Training  Areas  3  and  4 , 

POL  Spill  1 

3.2.3. 3 

Zone  3: 

Landfills  3,4,6,  and  7 

3-23 

3. 2. 3. 4 

Zone  4 : 

POL  Spills  2  and  3, 

3-26 

Coal  Storage  Pile  and  Chemical 
Burial  Site  1 

3. 2. 3. 5 

Zone  5: 

Landfill  5  and  Fire 

3-28 

Training 

Area  1 

3. 2, 3. 6 

Zone  6: 

Landfill  2 

3-30 

3. 2. 3.7 

Zone  7 : 

Landfill  9  (Sandhill) 

3-32 

3. 2. 3. 8 

Zone  8: 

Fire  Training  Area  2 

3-32 

3.2.4  Field  Testing  3-32 

3.2.4. 1  Groundwater  Elevation  Survey  3-34 

3.2. 4.2  Water  Level  Measurements  3-34 

3.2. 4.3  Field  Testing  for  Water  Quality  3-34 

3.2.5  Geophysical  Survey  -  Zone  1  (Landfills  8  3-34 

and  1 0 ) 


3. 2. 5.1  Objectives  of  the  Geophysical  3-38 
Survey 

3. 2. 5. 2  Magnetometer  Survey  3-38 

3. 2. 5. 3  Ground  Penetrating  Radar  Survey  3-40 

3. 2. 5. 4  Geophysical  Survey  Analysis  3-41 

3.2.6  Water  Quality  Sampling  3-42 

3. 2. 6.1  Groundwater  Sampling  3-42 

3. 2. 6. 2  Leachate  Seep  Sampling  3-42 

3.2.7  Methane  Gas  Well  Monitoring  3-44 

RESULTS  OF  THE  FIELD  INVESTIGATION  4_1 

4.1  Site  Interpretive  Geology  4_1 

4.2  Site  Groundwater  Conditions  4-2 

4.2.1  Zone  1  -  Groundwater  Flow  Conditions  4-2 


iii 


Table  of  Contents  (cont'd) 


Section  Title  Page 


4.2.2  Zone  2  -  Groundwater  Flow  Conditions  4-5 

4.2.3  Zone  3  -  Groundwater  Flow  Conditions  4-7 

4.2.4  Zone  4  -  Groundwater  Flow  Conditions  4-7 

4.2.5  Zone  5  -  Groundwater  Flow  Conditions  4-10 

4.2.6  Zone  6  -  Groundwater  Flow  Conditions  4-12 

4.2.7  Zone  7  -  Groundwater  Flow  Conditions  4-12 

4.2.8  Zone  8  -  Groundwater  Flow  Conditions  4-13 

4.3  Results  of  The  Geophysical  Investigation  4-13 

4.3.1  Landfill  8  -  Geophysical  Investigation  4-13 

4.3.2  Landfill  10  -  Geophysical  Investigation  4-14 

4.3.3  Summary  of  Geophysical  Findings  4-18 

4.4  Water  Quality  Analyses  4-20 

4.4.1  Zone  1  -  Groundwater  and  Leachate  4-20 

Quality 

4.4.2  Zone  2  -  Groundwater  Quality  4-27 

4.4.3  Zone  3  -  Groundwater  Quality  4-29 

4.4.4  Zone  4  -  Groundwater  Quality  4-29 

4.4.5  Zone  5  -  Groundwater  Quality  4-30 

4.4.6  Zone  6  -  Groundwater  Quality  4-31 

4.4.7  Zone  7  -  Groundwater  Quality  4-32 

4  4.8  Zone  8  -  Groundwater  Quality  4-32 

4.5  Results  of  the  Methane  Gas  Well  Air  4-32 

Quality  Screening 

4.6  Significance  of  Findings  4-35 

4.6.1  Water  Quality  -  General  4-35 

4.6.2  Water  Quality  at  Wright-Patterson  AFB  4-38 

4.6.3  Conclusions  4-41 

5  ALTERNATIVES  5-1 

5.1  General  5-1 

5.1.1  Zone  1-Alternatives  5-2 

5.1.2  Zone  2-Alternatives  5-2 

5.1.3  Zone  3-Alternatives  5-2 

5.1.4  Zone  4-Alternatives  5-3 

5.1.5  Zone  5-Alternatives  5-3 

5.1.6  Zone  6-Alternatives  5-3 

5.1.7  Zone  7-Alternatives  5-4 

5.1.8  Zone  8-Alternatives  5-4 


'asK>c« 


Section  Title  Page 

6  RECOMMENDATIONS  6-1 

6.1  General  6-1 

6.1.1  Zone  1  -  Reconimendations  6-1 

6.1.2  Zone  2  -  Recommendations  6-1 

6.1.3  Zone  3  -  Recommendations  6-3 

6.1.4  Zone  4  -  Recommendations  6-3 

6.1.5  Zone  5  -  Recommendations  6-4 

6.1.6  Zone  6  -  Recommendations  6-5 

6.1.7  Zone  7  -  Recommendations  6-5 

6.1.8  Zone  8  -  Recommendations  6-5 

6.2  Summary  of  Recommendations  6-6 


LIST  OF  APPENDICES 

A  -  Acronyms,  Definitions,  Nomenclature  and  Units 
of  Measurement 

B  -  Scope  of  Work,  Task  Order  0022 
C  -  Professional  Profiles  of  Project  Personnel 
D  -  Boring  Logs  and  Well  Completion  Summaries 
E  -  Geophysical  Survey  Procedures  and  Raw  GPR  Data 
F  -  Sampling  and  Quality  Assurance  Plans 
G  -  Chain-of-Custody  Documentation 
H  -  Standard  Laboratory  Analytical  Protocols 
I  -  Raw  Water  Quality  Data 

J  -  Federal  and  State  Drinking  Water  and  Human 
Health  Standards,  Criteria  and  Guidelines 
Applicable  in  the  State  of  Ohio 


V 


LIST  OF  FIGURES 


Figure  Title  Page 

ES-1  Location  of  all  Phase  II  Sites  and  Zones  ES-2 

1-1  Index  Map  of  Wright-Patterson  AFB  1-4 

1-2  Location  of  All  Potential  Sources  of  Contain-  1-7 

ination  at  Wright-Patterson  AFB  Receiving  Phase 
1  HARM  Score  Rankings 

1-3  Location  of  All  Phase  II  Sites  and  Zones  at  1-8 

Wright-Patterson  AFB 

1-4  General  Site  Map  of  Zone  1  1-10 

1-5  General  Site  Map  of  Zones  2  and  8  1-13 

1-6  General  Site  Map  of  Zone  3  1-16 

1-7  General  Site  Map  of  Zone  4  1-19 

1-8  General  Site  Map  of  Zone  5  1-20 

1-9  General  Site  Map  of  Zone  6  1-22 

1- 10  General  Site  Map  of  Zone  7  1-24 

2- 1  Surface  Drainage  at  Wright-Patterson  AFB  2-2 

2-2  Surficial  Geology  at  Wright-Patterson  AFB  2-4 

2-3  Geologic  Cross  Section  of  the  Mad  River  Valley  2-5 

2- 4  Location  of  Water  Supply  Wells  at  Wright-Patterson  2-8 

AFB  and  Roher ' s  Island 

3- 1  Typical  Well  Construction  Diagram  3-14 

3-2  Location  of  Monitor  Wells  and  Leachate  Sampling  3-16 

Points  In  Zone  1 

3-3  Well  Construction  Summary:  Wells  MW-1  through  MW-9  3-18 

3-4  Well  Construction  Summary:  Wells  MW-10  through  MW-18  3-19 

3-5  Well  Construction  Summary:  Wells  MW-i9  through  MW-27  3-20 

3-6  Methane  Gas  Well  Construction  Summary:  Wells  GW-1  3-21 

through  GW-4 

3-7  Location  of  Monitor  Wells  in  Zone  2  and  Zone  8  3-24 


VI 


List  of  Figures  (cont'd) 


Figure  No. 
3-8 
3-9 
3-10 
3-  11 
3-12 

3- 13 

4- 1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

4-10 


Title 


Location  of  Monitor  Wells  in  Zone  3 

Location  of  Monitor  Wells  in  Zone  4 

Location  of  Monitor  Wells  in  Zone  5 

Location  of  Monitor  Wells  in  Zone  6 

Location  of  Monitor  Wells  in  Zone  7 

Landfill  8  -  Traverse  Grid  Layout  for  Geophysical 
Survey 

General  Groundwater  Surface  Map  of  Wright- 
Patterson  AFB 

Groundwater  Surface  Map  of  Zone  1  (11-16  June  1984 
Data) 

Groundwater  Surface  Map  of  Zone  2  (11-16  June  1984 
Data) 

Groundwater  Surface  Map  of  Zone  3  (11-16  June  1984 
Data) 

Groundwater  Surface  Map  of  Zone  4  (11-16  June  1984 
Data) 

Groundwater  Surface  Map  of  Zone  5  (11-16  June  1984 
Data) 

Landfill  8  -  Magnetic  Anomaly  Map 

Landfill  8  -  Interpretive  Map  of  Subsurface  Con¬ 
ditions  Based  on  Ground  Penetrating  Radar  Data 

Landfill  10  -  Magnetic  Anomaly  Map 

Landfill  10  -  Interpretive  Map  of  Subsurface  Con¬ 
ditions  Based  On  Ground  Penetrating  Radar  Data 


vii 


Page 

3-25 

3-2^ 

3-29 

3-31 

3-33 

3- 39 

4- 3 

4-4 

4-6 

4-8 

4-9 

4-11 

4-14 

4-16 

4-17 

4-19 


LIST  OF  TABLES 


Table  No.  Title  Page 


1-1  Priority  Ranking  of  Potential  Contamination  1“6 

Sources  at  Wright-Patterson  AFB 

1-2  Analytical  Protocol  1-26 

3-1  Summary  of  Field  Program  3-7 

3-2  Field  Activity  Schedule  3-10 

3-3  Summary  of  Well  Construction  Details,  Wright-  3-17 

Patterson  AFB 


3-4  Summary  of  Monitor  Well  and  Surface  Water  Elevation  3-35 


Survey 

3-5  Summary  of  Field  Tested  Water  Quality  Parameters  3-37 

3- 6  Description  of  Leachate  Seep  Locations  3-M3 

4- 1  Summary  of  Groundwater  Analyses  4-21 

4-2  Summary  of  Leachate  Analysis  4-25 

4-3  Summary  of  Leachate  Analyses  for  USEPA  Priority  4-26 

Pollutant  VGA  Compounds 

4-4  Summary  of  Ground-Water  Analyses  for  USEPA  4-28 

Priority  Pollutants  VGA  Compounds  (Methods  601 
and  602) 

4-5  Instruments  Used  for  Air  Quality  Screening  Inside  4-33 

Methane  Monitoring  Wells 

4-6  Methane  Monitoring  Wells  -  Air  Quality  Screening  4-34 

Results  Inside  Completed  Wells 

4-7  Comparison  of  Water  Quality  Results  with  Applica-  4-39 

ble  Standards,  Guidelines  and  Criteria 

6-1  Summary  of  Recommendations  6-1 


Table  ES-1,  Summary  of  Recommendations  (cont.) 


Zone  Recommendations 

4  Resample  existing  wells 

Install  7  additional  monitor 
wells 

Sampling  and  analysis 

5  Resample  existing  wells 

Install  5  additional  monitor 
wells 

Priority  pollutant  screening 

Surface  water  and  sediment 
monitoring 

Sampling  and  analysis 

6  Resample  existing  well 

Install  2  additional  monitor 
wells 

Surface  water  and  sediment 
monitoring 

Scimpling  and  analysis 

7  Resample  existing  well 

8  Resample  existing  well 


Rationale 

Verify  Stage  1  results 

Spill  plume  evaluation  and 
Base  boundary  monitoring 

Determine  magnitude  and 
extent  of  contamination 

Verify  Stage  1  results 

Establish  effective  ground- 
water  monitoring 

Leachate  characterization 

Evaluate  transport  of  con¬ 
tamination 

Magnitude  and  extent  of 
contamination 

Verify  Stage  1  results 

Expanded  monitoring  at 
Base  boundary 

Evaluate  transport  of  con¬ 
taminants 

Magnitude  and  extent  of 
contamination 

Verify  Stage  1  results 

Verify  Stage  1  results 
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Table  ES-1 

Summary  of  Recommendations 


Zone  Recommendations 

1  Refer  both  sites  to  Phase  IV 
for  immediate  action.  Phase 
IV  activity  would  include  a 
thorough  characterization  of 
gases  and  leachate. 

2  Resample  existing  wells 

Install  2  additional  monitor 
wells 

Priority  pollutant  screening 


Surface  water  and  sediment 
monitoring 


Rationale 

Mitigation  of  human 
health  hazard. 


Verify  Stage  1  results. 

Expanded  monitoring  at 
Base  boundary. 

Ground  water  and  leachate 
characterization . 

Evaluate  transport  of  con¬ 
taminants  . 


Scunpling  and  analysis 


Determine  magnitude  and 
extent  of  contamination. 


3  Resample  existing  wells 


Verify  Stage  1  results. 


Install  10  additional 
monitor  wells 


Establish  effective 
ground  water  monitoring  net¬ 
work. 


Priority  pollutant  screening 


Ground  water  and  Leachate 
characterization . 


Surface  water  and  sediment 
monitoring 

Sampling  and  analysis 


Evaluate  transport  of  con 
taminants . 

Magnitude  and  extent  of 
contamination . 
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stage  1  results  are  verified,  then  no  further 
evaluation  is  necessary  for  Zone  7. 

ES-5.9  Zone  8  -  Reconunendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendation  is  made  for  Zone  8: 

1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results.  If 
Stage  1  results  are  verified,  then  no  further 
evaluation  is  necessary  for  Zone  8. 

ES-5.10  Summary  of  Recommendations 

The  af oredescribed  set  of  zone-by-zone  recommendations  i 
summarized  in  Table  ES-1. 
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5.  If  present,  leachate  seepages  at  or  around 
landfills  should  be  sampled. 

6.  Water  samples  from  the  remaining  monitor  wells, 
from  surface  water  staff  gauge  stations,  and 
from  the  nearby  Base  production  wells  should  be 
sampled  and  analyzed  for  a  list  of  analytes 
based  upon  the  results  of  priority  pollutant 
screening. 

ES-5.7  Zone  6  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendations  are  made  for  Zone  6: 

1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results. 

2.  Install  two  new  monitor  wells  along  the  west 

side  of  the  landfill  in  order  to  ensure  that 
any  contamination  that  may  be  present  is 

sampled  and  characterized. 

3.  Establish  three  surface  water  staff  gauge  and 
sampling  stations  for  surface  water  and 
sediment  sampling  along  the  creek  which  flows 
adjacent  to  the  landfill,  in  order  to  determine 
the  nature,  magnitude  and  extent  of  potential 
surface  water  and  sediment  contamination. 

4.  If  present,  leachate  seepages  should  be 
sampled . 

5.  Sample  the  three  monitor  wells  and  three  staff 
gauge  stations  for  the  Stage  1  list  of  ana¬ 
lytes  plus  the  USEPA  priority  pollutant  list 
volatile  organic  compounds  (VOC). 

ES-5.8  Zone  7  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following 
recommendation  is  made  for  Zone  7; 

1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results.  If 


recommended  between  the  coal  storage  pile  and 
the  south  Base  boundary. 

3.  Sample  and  analyze  the  six  new  and  all  existing 
monitor  wells  in  the  zone  for  oil  and  grease 
and  USEPA  priority  pollutant  volatile  organic 
compounds  (VOC)  plus  xylene.  Analyze  the  two 
Coal  Storage  Pile  wells  for  Safe  Drinking  Water 
Act  primary  metals  and  base/neutral  extractable 
organics.  Analyze  Burial  Site  1  wells  for  Safe 
Drinking  Water  Act  Primary  metals. 

ES-5.6  Zone  5  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom¬ 
mendations  are  made  for  one  site  in  Zone  5 

1.  Resample  and  analyze  the  existing  monitor  wells 
in  this  zone  to  verify  Stage  1  analytical  re¬ 
sults.  If  the  Stage  1  results  are  verified, 
then  no  further  evaluation  is  necessary  for 
Fire  Training  Area  1. 

2.  Install  additional  monitor  wells  around  Land¬ 
fill  5.  Five  additional  monitor  wells  are 
necessary  to  ensure  that  all  possible  leachate 
seepage  from  the  site  is  sampled  and  charac¬ 
terized. 

3.  Six  surface  water  staff  gauge  and  sampling 
stations  should  be  established  for  surface 
water  and  sediment  sampling  —  one  on  each  of 
the  Twin  Lakes  and  the  gravel  pond,  and  three 
on  Hebble  Creek,  in  order  to  determine  the 
nature,  magnitude  and  extent  of  potential 
surface  water  and  sediment  contamination. 

4.  Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants,  in  order  to  determine  1) 
the  "worst  case"  contamination  scenario,  and  2) 
key  analytes  of  concern  for  assessing  the 
magnitude  and  extent  of  contamination. 
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2.  Install  additional  monitor  wells  around  land¬ 
fills  4,  6  and  7  in  order  to  ensure  that  all 

possible  leachate  seepage  from  the  landfills 
is  sampled  and  characterized.  Ten  additional 
monitor  wells  should  be  installed  around  the 
three  landfills  in  order  to  ensure  that  the 
complex  hydrogeological  flow  patterns  in  this 
zone  are  determined. 

3.  Eight  staff  gauge  and  sampling  stations  should 
be  established  for  surface  water  and  sediment 
sampling  along  Hebble  Creek  and  the 
tributaries  flowing  through  and  around  the 
landfills,  in  order  to  determine  the  nature, 
magnitude  and  extent  of  potential  surface 
water  and  sediment  contamination. 

4.  Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants,  in  order  to  determine  1) 
the  "worst  case"  contamination  scenario,  and 
2)  key  analytes  of  concern  for  assessing  the 
magnitude  and  extent  of  contamination. 

5.  Water  samples  from  the  remaining  monitor  wells 
and  from  the  surface  water  staff  gauge 
stations  should  be  sampled  and  analyzed  for  a 
list  of  analytes  to  be  based  upon  the  results 
of  priority  pollutant  screening. 

6.  If  present,  leachate  seepages  at  Landfills  3, 

4,  6,  and  7  should  be  sampled. 

ES-5.5  Zone  4  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom¬ 
mendations  are  made  for  two  sites  within  Zone  4: 

1.  Resample  and  analyze  the  existing  monitor  wells 
in  the  zone  to  verify  Stage  1  analytical  re¬ 
sults  . 

2.  Install  additional  monitor  wells  around  Spill 
Sites  2  and  3  and  the  coal  storage  pile.  Six 
additional  monitor  wells  are  necessary  to 
evaluate  potential  fuel  contamination  from 
Spills  2  and  3,  and  one  additional  well  is 
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sampled  and  characterized.  Two  additional 
monitor  wells  should  be  installed,  one  along 
the  Mad  River  at  the  western  portion  of  the 
landfill  toe  facing  the  river,  and  one  at  the 
extreme  western  edge  of  the  landfill. 


3.  Four  surface  water  staff  gauge  and  sampling 
stations  for  surface  water  and  sediment 
sampling  should  be  established  along  the 
surface  water  course  running  south  and  west  of 
the  landfill,  and  discharging  into  the  Mad 
River,  in  order  to  determine  the  nature, 
magnitude  and  extent  of  potential  surface 
water  and  sediment  contamination. 

4.  Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants,  in  order  to  determine  1) 
the  "worst  case"  contamination  scenario,  and 
2)  key  analytes  of  concern  for  addressing  the 
magnitude  and  extent  of  contamination. 

5.  Water  samples  from  the  remaining  monitor  wells 
and  from  the  surface  water  staff  gauge 
stations  should  be  sampled  and  analyzed  for  a 
list  of  analytes  to  be  based  upon  the  results 
of  priority  pollutant  screening. 

6.  The  Base  should  implement  a  post-closure  mon¬ 
itoring  plan  to  monitor  water  quality  in  the 
monitor  wells  around  Landfill  11.  The  base 
should  test  the  drums  presently  at  Landfill  12 
for  USEPA  hazard  characteristics  and  remove 
them  from  the  site  for  proper  disposal.  If 
present,  leachate  seepages  at  Landfills  11  and 
12  should  also  be  sampled. 

ES-5.4  Zone  3  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  rec- 
cxnmendations  are  made  for  three  sites  within  Zone  3: 

1.  Resample  and  analyze  the  existing  monitor 
wells  in  this  zone  to  verify  Stage  1 
analytical  results.  If  the  Stage  1  results 
are  verified,  then  no  further  evaluation  is 
necessary  for  Landfill  3. 


ES-5.1  General 

The  findings  of  the  Phase  II  Stage  I  study  at  eight  zones  on 
WPAFB  indicate  the  need  for  follow-up  work.  This  work  in¬ 
cludes  the  following: 

1.  General  verification  of  the  initial  round  of 
water  quality  sampling  and  analysis  in  seven 
of  the  zones. 

2.  An  expanded  monitoring  program  in  five  of  the 
zones  with  an  emphasis  on  determining  the 
nature,  magnitude  and  extent  of  contamination. 

3.  Referral  of  one  zone  to  Phase  IV  for  imple¬ 
mentation  of  immediate  remedial  action  and 
site  closure. 

ES-5.2  Zone  1  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendation  is  made  for  the  two  landfills  in  Zone  1: 

1.  Refer  both  landfills  in  Zone  1  to  Phase  IV. 

The  rationale  for  this  recommendation  is  that 
both  landfills  represent  potential  hazards  to 
human  health.  Both  landfills  are  generating 
leachate  as  well  as  hydrogen  sulfide  and 
methane  gases.  Further  site  evaluation 
without  concurrent  remedial  actions  would  only 
prolong  this  potential  hazard  to  nearby 
residents  and  to  children  playing  in  the  parks 
built  on  both  landfills.  Phase  IV  activity 
would  include  a  thorough  characterization  of 
gases  and  leachate. 

ES-5.3  Zone  2  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom 
mendations  are  made  for  sites  within  Zone  2: 

1.  Resample  and  analyze  the  existing  monitor 
wells  in  this  zone  to  verify  Stage  1 
analytical  results. 

2.  Because  this  zone  is  so  close  to  the  Base 
boundary,  install  additional  monitor  wells 
around  landfill  11  in  order  to  ensure  that  all 
possible  leachate  seepage  from  the  landfill  is 
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7.  Three  landfills  in  Zone  3  appear  to  be  gener¬ 
ating  leachate,  and  TOX  analyses  indicate 
that  USEPA  Priority  Pollutant  compounds  are 
present  in  the  leachate.  One  monitoring 
well  exceeded  the  Safe  Drinking  Water  Stand¬ 
ards  for  chloride,  while  two  wells  exceeded 
Secondary  Standards  for  iron  and  manganese. 

8.  Oil  and  grease  was  detected  in  monitor  wells 
adjacent  to  the  Spill  Areas  2  and  3  in  Zone 
4  at  levels  above  the  aesthetic  standard  for 
taste  and  odor,  although  no  floating  hydro¬ 
carbon  layer  was  detected.  USEPA  Priority 
Pollutant  solvents  were  also  detected  in  sam¬ 
ples  from  one  of  these  wells.  Fuel  contam¬ 
ination  was  apparent. 

9.  Landfill  5  in  Zone  5  appears  to  be  generat¬ 
ing  leachate,  and  TOX  analyses  indicate  that 
USEPA  Priority  Pollutant  compounds  are  pres¬ 
ent  in  the  leachate.  One  monitor  well  con¬ 
tained  sulfate  in  excess  of  the  Secondary 
Safe  Drinking  Water  Standard,  while  three 
wells  exceeded  the  Secondary  Safe  Drinking 
Water  Standards  for  iron  and  manganese. 

10.  Landfill  2  in  Zone  6  appears  to  be  generat¬ 
ing  leachate,  although  there  is  no  analyt¬ 
ical  evidence  that  USEPA  Priority  Pollutant 
compounds  are  part  of  that  leachate.  The  one 
well  in  the  Zone  contained  manganese  slight¬ 
ly  in  excess  of  the  Secondary  Safe  Drinking 
Water  Standard. 

11.  Landfill  9  in  Zone  7  does  not  appear  to  be 
generating  leachate. 

ES-5.0  RECOMMENDATIONS 

Based  upon  the  findings  and  conclusions  of  this  Phase  II 
Stage  1  Study,  the  following  recommendations  have  been  made 
concerning  follow-up  work  at  Wright-Patterson  Air  Force 
Base. 
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shallow  discharge  of  ground  water  contaminated 
with  metals,  nitrate,  TOC  and  TOX  into  Hebble 
Creek  and  then  into  the  Mad  River.  At  Zone  4 
a  ground-water  mound  was  detected  in  the 
vicinity  of  the  Coal  Storage  Pile,  and  flow 
vectors  indicate  the  potential  for  migration 
of  ground  water  contaminated  with  Oil  and 
Grease,  TOX  and  VOA  compounds  in  a  generally 
southerly  off-Base  direction.  Flow  vectors 

at  Zone  5  indicate  the  potential  for  ground 
water  contaminated  with  Metals,  TOC  and  TOX  to 
migrate  from  the  landfill  toward  the  nearby 
Mad  River.  At  Zone  6  there  is  the  possibility 
of  ground-water  mounding  beneath  the  landfill, 
but  even  without  such  mounding  the  regional 
flow  gradient  would  carry  ground  water 
contaminated  with  metals  and  TOC  across  the 
adjacent  Base  boundary. 

Measurable  cimounts  of  gases,  including  meth¬ 
ane,  hydrogen  sulfide  and  trace  amounts  of 
organic  compounds  are  being  generated  by  both 
landfills  in  Zone  1.  These  seeps  make  both 
landfills  potential  health  risks  to  residents 
immediately  adjacent  to  the  sites.  Both  sites 
are  also  generating  leachate,  which  contains 
up  to  two  USEPA  Priority  Pollutants  and 
several  non-priority  pollutant  volatile  sol¬ 
vents,  further  aggravating  the  health  hazard 
associated  with  these  sites. 

Results  of  the  Zone  1  geophysical  surveys  on 
Landfills  8  and  10  indicated  areas  of  high  mag¬ 
netic  contour  gradients,  disturbed  subsoil, 
suspected  trenches,  and  buried  drum-like  tar¬ 
gets  on  both  the  landfills. 

The  landfills  in  Zone  2  appear  to  be  generat¬ 
ing  some  leachate,  although  there  is  no  ana¬ 
lytical  evidence  of  USEPA  Priority  Pollutant 
compounds  being  part  of  that  leachate.  Two 
monitoring  wells  in  this  Zone  contained  iron 
in  excess  of  Secondary  Safe  Drinking  Water 
Standards,  and  one  contained  manganese  in 
excess  of  the  Secondary  Safe  Drinking  Water 
Standard.  Drums  are  present  at  Landfill  12. 


a  high  probability  that  these  health  criteria  are  exceeded 
in  the  case  of  one  or  more  of  these  compounds. 

The  landfills  comprising  Zone  1  (Landfills  8  and  10)  are  pro¬ 
ducing  leachate  with  elevated  TOC,  TOX,  VOA  compounds  (in¬ 
cluding  940  ug/L  each  of  acetone  and  methethyl  ketone)  and 
heavy  metals  levels,  and  are  producing  malodorous  gases 
which  are  emanating  from  the  landfill  surfaces.  The  close 
proximity  of  housing  units  to  both  of  these  sites,  combined 
with  the  usage  of  both  sites  as  playgrounds,  makes  the  leach¬ 
ate  and  gas  generation  problems  ones  of  hazards  to  human 
health . 

ES-4.0  CONCLUSIONS 

Based  upon  the  results  of  the  Phase  II  (Stage  1)  survey  at 
Wright-Patterson  Air  Force  Base,  the  following  conclusions 
have  been  drawn: 

1.  Ground  water  occurs  under  shallow,  water  ta¬ 
ble  conditions  in  and  around  all  sites  inves¬ 
tigated.  Base-wide  regional  ground-water 
gradients  average  between  0.001  and  0.002, 
reflecting  the  highly  permeable,  coarse¬ 
grained  glacial  outwash  sediments  underlying 
most  of  the  Base.  The  hydraulic  driving  force 
for  ground-water  contaminant  migration  is 
fairly  small,  due  to  this  low  gradient, 
although  the  high  hydraulic  conductivities 
characteristic  of  much  of  the  Base  allow  very 
rapid  transport  of  large  volumes  of  ground 
water . 

2.  The  regional  water  table  flow  is  generally 
west-southwesterly,  in  the  same  direction  as 
the  flow  of  the  Mad  River,  toward  the  major 
City  of  Dayton  wellfield  at  Rohrer's  Island. 
Locally  this  regional  flow  trend  is  modified 
by  creeks  and  by  mounding  induced  either  by 
landfilling  or  by  storage  of  coal. 

3.  There  exists  a  potential  for  off-Base  migra¬ 
tion  of  contaminants  at  several  sites.  Zones 
2  and  8  are  along  the  shore  of  the  Mad  River, 
ground-water  and  dissolved  metals  and  Oil  and 
Grease  would  be  in  transport  in  that  direc¬ 
tion.  In  Zone  3  the  potential  exists  for 


o  Zone  6  (Landfill  2) 

o  Zone  7  (Landfill  9) 

o  Zone  8  (Fire  Training  Area  2) 

The  scope  of  the  investigation  includes:  drilling  and  con¬ 
struction  of  27  groundwater  monitoring  wells  and  four 
methane  gas  monitoring  wells;  S5unpling  and  analysis  of 
groundwaters  and  leachate  seeps;  conducting  ground  penetrat¬ 
ing  radar  and  magnetometry  surveys  at  two  landfill  sites; 
surveying  elevations  of  monitor  wells  and  surface  water 
stations;  preparation  of  water  table  maps  for  the  whole  Base 
as  well  as  for  specific  zones;  data  interpretation  and 
preparation  of  this  Final  Report.  One  round  of  water  qual¬ 
ity  analyses  was  accomplished  for  a  range  of  analytes,  and 
all  analyses  were  accomplished  in  WESTON' s  laboratory  in  ac¬ 
cordance  with  United  States  Environmental  Protection  Agency 
Standard  Methods. 

ES-3.0  MAJOR  FINDINGS 

Based  upon  the  analyses  performed,  levels  of  con teuni nation 
were  found  in  groundwater  and  in  leachate  seeps  which  war¬ 
rant  further  investigation  and  possible  future  actions. 

The  major  groundwater  contaminants  indicated  by  the  avail¬ 
able  data  are  heavy  metals  associated  with  landfill  leach¬ 
ate.  Iron  was  detected  in  a  wide  range  of  concentrations, 
but  exceeded  the  Safe  Drinking  Water  Act  Secondary  Standard 
of  0.3  mg/L  in  7  of  the  27  wells,  and  in  all  six  leachate 
seeps  tested.  Manganese  exceeded  the  Safe  Drinking  Water 
Act  Secondary  Standard  of  0.05  mg/L  in  9  of  the  27  monitor 
wells  tested.  Sulfate  exceeded  the  Safe  Drinking  Water  Act 
Secondary  Standard  of  250  mg/L  in  two  of  the  wells  and  two 
of  the  leachate  seeps  tested.  Oil  and  grease  exceeded  the 
taste  and  odor  threshold  of  0.01  mg/L  in  four  of  the  monitor 
wells  associated  either  with  fuel  spills  or  with  fire  train¬ 
ing  areas.  Total  organic  halogens  (TOX)  was  detected  in  the 
range  of  from  5.2  to  94.0  ug/L  in  7  of  the  monitor  wells 
tested.  TOX  is  an  indicator  parameter,  indicative  of  syn¬ 
thetic  chlorinated  solvents.  USEPA  water  quality  criteria 
for  human  health  have  been  published  for  many  compounds  fall¬ 
ing  within  the  group  contributing  to  TOX  levels.  Scxne  of 
these  criteria  are  in  the  range  of  1  ug/L  or  leas.  Thus, 
TOX  concentrations  in  the  wells  samples  from  WPAFB  indicate 
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EXECUTIVE  SUMMARY 


ES-1.0  INTRODUCTION 

Roy  F.  Weston,  Inc.  (WESTON)  was  retained  by  the  U.  S.  Air 
Force  Occupational  and  Environmental  Health  Laboratory 
(OEHL)  under  Contract  No.  F33615-80-D-4006  to  provide 
general  engineering,  hydrogeological  and  analytical  ser¬ 
vices.  These  services  were  applied  to  the  Installation 
Restoration  Program  (IRP)  Phase  II  effort  at  Wright- 
Patterson  Air  Force  Base  under  Task  Order  22  of  this 
contract . 

"The  purpose  of  the  Phase  II  (Stage  I)  investigation  was  to 
determine  if  environmental  con tcuni nation  had  resulted  from 
waste  disposal  practices  at  Wright  Patterson  AFB.  In  addi¬ 
tion,  the  purpose  of  the  investigation  included  an  estimate 
of  the  magnitude  and  extent  of  contamination,  the  identifi¬ 
cation  of  environmental  consequences  of  migrating  pollu¬ 
tants,  and  the  recommendation  of  additional  investigations 
to  identify  the  magnitude,  extent  and  direction  of  movement 
of  discovered  contaminants. 

Only  the  Phase  II  (Stage  1)  portion  of  the  IRP  effort  at 
Wright-Patterson  Air  Force  Base  was  part  of  this  Task  Order. 

ES-2.0  SCOPE  OF  WORK  J 

Wright-Patterson  Air  Force  Base  (WPAFB)  is  located  iff  the 
Micimi  River  Valley  northeast  of  Dayton,  Ohio.^^^ield  oper¬ 
ations  under  this  task  order  evaluated  21  sites  located  with¬ 
in  eight  zones  at  WPAFB.  The  sites  and  zones  evaluated  are 
identified  below  and  sh3^n  in  Figure  ES-1. 

•  Zone  1  (Landfill  8;  Landfill  10) 

•  Zone  2  (Landfill  11;  Landfill  12;  Fire  Training 
Areas  3  and  4;  POL  Spill  Site  1) 

•  Zone  3  (Landfills  3,  4,  6  and  7) 

•  Zone  4  (Coal  Storage  Pile;  Chemical  Burial  Sites  1; 
POL  Spill  Sites;  POL  Spill  Sites  2  and  3) 

•  Zone  5  (Landfill  5;  Fire  Training  Area  1) 
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SECTION  1 
INTRODUCTION 


1.1  INSTALLATION  RESTORATION  PROGRAM 


The  purpose  of  the  Installation  Restoration  Program  (IRP)  is 
to  assess  and  control  migration  of  environmental  contamina¬ 
tion  that  may  have  resulted  from  past  operations  and  dis¬ 
posal  practices  on  DoD  facilities,  and  probable  migration  of 
hazardous  contaminants.  In  response  to  the  Resource  Conser¬ 
vation  and  Recovery  Act  of  1976  (RCRA)  and  in  anticipation 
of  the  Comprehensive  Environmental  Response  Compensation  and 
Liability  Act  of  1980  (CERCLA,  or  "Superfund"),  the  DoD 
issued  a  Defense  Environmental  Quality  Program  Policy  Memo¬ 
randum  (DEQPPM)  dated  June,  1980  (DEQPPM  80-6),  requiring 
identification  of  past  hazardous  waste  disposal  sites  DoD 
agency  installations.  The  U.S.  Air  Force  implemented  DEQPPM 
80-6  by  message  in  December,  1980.  The  program  was  revised 
by  DEQPPM  81-5  (11  December  1981)  which  reissued  and  ampli¬ 
fied  all  previous  directives  and  memoranda  on  the  IRP.  The 
Air  Force  implemented  DEQPPM  81-5  by  message  on  21  January 
1982.  The  Installation  Restoration  Program  has  been  de¬ 
veloped  as  a  four-phase  program  as  follows: 


Phase  1 
Phase  II 
Phase  III 
Phase  IV 


-  Problem  Identification/Records  Search 

-  Problem  Confirmation  and  Quantification 

-  Technology  Base  Development 

-  Corrective  Action 


The  purpose  of  the  Phase  II  (Stage  I)  investigation  was  to 
determine  if  environmental  contamination  has  resulted  from 
waste  disposal  practices  at  Wright-Patterson  AFB.  In  addi¬ 
tion,  the  purpose  of  the  investigation  included  an  estimate 
of  the  magnitude  and  extent  of  contamination,  the  identifi¬ 
cation  of  environmental  consequences  of  migrating  pollu¬ 
tants,  and  the  recommendation  of  additional  investigations 
to  identify  the  magnitude,  extent  and  direction  of  movement 
of  discovered  contaminants. 


Definitions  of  the  terras  and  acronyms  used  in  this  report 
are  in  Appendix  A. 

1.2  PROGRAM  HISTORY  AT  WRIGHT-PATTERSON  AIR  FORCE  BASE 


Roy  F.  Weston,  Inc.  (WESTON)  has  been  retained  by  the  United 
States  Air  Force  Occupational  and  Environmental  Health 
Laboratory  (OEHL)  under  Contract  Number  F33615-80-D-4006 ,  to 


provide  general  engineering,  hydrogeological  and  analytical 
services.  The  Phase  I,  Problem  Identification/Records 
Search  for  Wright-Patterson  Air  Force  Base  (WPAFB)  was  accom¬ 
plished  by  Engineering  Science  Inc.  (ESI)  in  late  1981,  and 
their  Final  Report  was  dated  February  1982.  In  response  to 
the  findings  contained  in  the  ESI  Phase  I  Final  Report,  the 
OEHL  issued  Task  Order  0009  to  WESTON,  directing  that  a  pre¬ 
survey  site  inspection  be  conducted  at  WPAFB.  The  purpose 
of  this  pre-survey  was  to  obtain  sufficient  information  to 
develop  a  work  scope  and  cost  estimate  for  the  conduct  of  a 
Phase  II,  Stage  1  study  at  WPAFB. 

The  Pre-Survey  report  for  WPAFB  was  initially  submitted  by 
WESTON  in  August  1982,  and  was  revised  and  resubmitted  in 
November,  1982.  Following  modifications  in  the  scope  of 
work.  Task  Order  0022,  dated  14  September  1983,  was  issued, 
which  authorized  a  Phase  II  Stage  I  Study  for  9  sites  at 
WPAFB.  A  copy  of  the  formal  Task  Order  authorizing  this 
work  is  included  here  as  Appendix  B. 

On  31  October  1983  WESTON  met  with  representatives  of  the 
Air  Force  Logistics  Command  (AFLC)  Bioenvironmental  Engi¬ 
neer  and  Civil  Engineer,  the  Base  Bioenvironmental  Engineer, 
and  the  Civil  Engineering  and  Public  Affairs  Departments  of 
Wright-Patterson  Air  Force  Base.  The  drilling  subcon¬ 
tractor,  Bowser-Morner  Testing  Laboratories,  Inc.,  and 
representatives  of  the  Ohio  Environmental  Protection  Agency, 
(OEPA)  were  also  in  attendance.  The  purpose  of  the  meeting 
was  to  review  the  goals  of  the  investigation,  review 
drilling  procedures  and  locations,  and  to  establish  the 
field  schedule.  Geophysical  investigations  commenced  on  1 
November  1983.  Soil  borings  and  construction  of  the  first 
19  ground-water  monitoring  wells  commenced  on  28  November 
1983  and  were  completed  by  9  December.  The  last  eight 
monitor  wells  were  drilled  and  constructed  between  6  and  10 
February  1984.  Ground-water  sampling  was  completed  during 
the  week  of  27  February  1984.  Leachate  seep  sampling  was  ac¬ 
complished  during  the  week  of  30  April  1984.  Monitor  wells 
were  resampled  for  analysis  of  Total  Organic  Carbon  (TOC) 
during  the  week  of  11  June  1984.  Four  methane  gas  mon¬ 
itoring  wells  were  completed  on  28  August,  1984. 

1.3  BASE  PROFILE 

Wright-Patterson  Air  Force  Base  is  located  in  southwestern 
Ohio  northeast  of  the  City  of  Dayton.  It  is  approximately 
60  miles  northeast  of  Cincinnati  and  approximately  50  miles 
southwest  of  Columbus. 
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The  installation  is  composed  of  two  air  fields  (Wright  and 
Patterson)  separated  by  State  Route  444  and  the  Consolidated 
Rail  Corporation  tracks  (see  Figure  1-1).  Wright  Field,  des¬ 
ignated  Area  B,  is  situated  in  both  Montgomery  and  Greene 
Counties.  Patterson  Field,  composed  of  Areas  A  and  C,  is 
located  within  Greene  County  except  for  about  15  acres  lying 
along  the  Mad  River  in  Montgomery  County.  Clark  County 
abuts  the  Base  at  the  northeast  property  line.  Area  B  encom¬ 
passes  approximately  2,800  acres  and  is  bordered  on  the 
north  by  State  Route  444,  on  the  east  by  Wright  State 
University,  on  the  south  by  Airway  Road  and  on  the  west  by 
Springfield  Pike.  Area  B  is  made  up  of  a  complex  of  over 
200  buildings  (not  including  family  housing)  with  a  gross 
floor  area  of  over  6,000,000  square  feet.  The  western  half 
of  Area  B  was  once  solely  occupied  by  the  runway  system. 
Today,  the  runways  are  no  longer  in  service. 

Areas  A  and  C  encompass  5,711  acres  and  are  physically  sep¬ 
arated  from  Area  B  by  State  Route  444  on  the  south  and  east. 
It  is  bordered  to  the  north  by  State  Route  235  and  to  the 
west  by  the  Mad  River.  Area  A  has  a  mixture  of  land  uses 
ranging  from  storage  and  warehousing  to  offices  and  class¬ 
rooms.  Area  C  is  largely  occupied  by  the  air  field.  The 
built-up  area  adjacent  to  the  city  of  Fairborn  is  comprised 
of  offices,  storage,  industrial  and  flight  line  facilities. 
Dormitories  for  enlisted  personnel  and  support  facilities 
are  located  in  Kitty  Hawk  Center.  Several  new  facilities 
have  recently  been  constructed  in  this  area.  The  largest  is 
the  Air  Force  Museum. 


The  host  activity  for  Wright-Patterson  AFB  is  the  2750th  Air 
Base  Wing,  which  employs  16  percent  of  the  approximately 
24,000  persons  assigned  to  the  Base.  In  its  responsibility 
for  this  installation,  the  2750th  is  charged  with  the  oper¬ 
ation  and  maintenance  of  real  property  at  Wright-Patterson 
AFB.  This  includes  to  18,683,454  square  feet  of  floor 
space.  Through  host-tenant  support  agreements,  the  Wing 
provides  utilities,  communications,  supplies, 

transportation,  staff  assistance  and  other  services 
necessary  for  the  tenants  to  accomplish  their  individual 
mi ssions . 

Tenant  missions  at  Wright-Patterson  AFB  include: 

•  Air  Force  Logistics  Command  Headquarters 

•  Air  Force  Acquisition  Logistics  Division 
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•  Air  Force  Systems  Command  organizations 

•  Air  Force  Institute  of  Technology 

•  2046th  Communications  Group 

•  USAF  Regional  Medical  Center  for  Northeast 
and  North  Central  U.S. 

•  Air  Force  Museum 

•  Military  Airlift  Command  organizations 

Past  Air  Force  activities  at  WPAFB  in  support  of  operational 
missions  have  resulted  in  the  occurrence  on  the  Base  of  sev¬ 
eral  waste  disposal  sites  of  potential  concern.  Each  of 
these  sites  was  rated  by  ESI  during  Phase  I  activities  in 
accordance  with  the  IRP  Hazard  Assessment  Rating  Method 
(HARM).  The  results  of  these  ratings  are  summarized  in 
Table  1-1  from  the  ESI  report.  Figure  1-2  shows  the  loca¬ 
tions  of  all  sites  receiving  HARM  score  rankings.  Based  on 
these  rankings,  ESI  recommended  that  Phase  II  activities  con¬ 
centrate  on  the  sites  ranked  1  through  14,  all  of  which  had 
HARM  scores  of  60  or  greater. 

From  the  Phase  II  Pre-Survey  report  eight  areas  were  identi¬ 
fied  for  Confirmatory  investigations.  Five  of  these  areas 
are  Zones  which  contain  two  or  more  sites,  and  are  treated 
in  this  Phase  II  investigation  as  single  sites.  The  follow¬ 
ing  listed  sites  comprise  the  sites  evaluated  in  the  Phase 
II,  stage  1  study.  The  site  locations  are  shown  on  Figure 
1-3. 

•  Zone  1  (Landfill  8;  Landfill  10) 

•  Zone  2  (Landfill  11,  Landfill  12;  Fire 
Training  Areas  3  and  4,  POL  Spill  Site  1) 

•  Zone  3  (Landfills  3,  4,  6  and  7) 

•  Zone  4  (Coal  Storage  Pile;  Chemical  Burial 
Sites  1;  POL  Spill  Sites;  POL  Spill  Sites  2 
and  3 ) 

•  Zone  5  (Landfill  5;  Fire  Training  Area  1) 

•  Zone  6  (Landfill  2) 
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Rank 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
2C 
21 
22 

23 

24 


Table  1-1 

Priority  Ranking  of  Potential 
Contamination  Sources  at  Wright  Patterson  AFB 


Site  Names 

Landfill  No.  10  (Woodland  Hills) 

Landfill  No.  8 

Fire  Training  Areas  3  &  4/Spills  No.  1 

Spill  No.  2 

Landfill  No.  12 

Spill  No.  3 

Landfill  No.  11 

Landfill  No.  5  (Twin  Lakes) 

Fire  Training  Area  No.  1 
Landfill  No.  2  (Tillman  Pit) 

Landfills  No.  3,4,6  &  7 
Fire  Training  Area  No.  2 
Landfill  No.  9  (Sandhill) 

Coal  Storage  Pile 

Central  Heating  Plant  No.  2  (Bldg.  271) 

Burial  Site  No.  1 

Burial  Site  No.  2 

Landfill  No.  1 

Central  Heating  Plant  No.  1  (Bldg.  66) 

Central  Heating  Plant  No.  3  (Bldg.  170) 

Radioactive  Waste  Burial  Site 
Deactivated  Nuclear  Reactor 
Central  Heating  Plant  No.  4  (Bldg.  1240) 

Central  Heating  Plant  No.  5  (Bldg.  770) 


Period  of 
Operation 


1965-1968 


1955-1962 


1960-1980 


Apr.  1976 


1968-1973 


Mar.  1981 


1968-1977 


1945-Present 


1950-1955 


1941-1955 


1945-1962 


Late  1950 's 


1962-1964 


Long  Term 

1940's-1980 

1966-1971 

1971-1975 

1920's-1940 

1930-1980 

1939-1980 

Before  1951 

1965-1970 

1957-Present 

1956-Present 


Overall 

Score 

82 

79 

77 

74 

73 

72 

71 

63 

63 

62 

61 

61 

60 

60 

59 

58 

56 

56 

55 

50 

47 

47 

46 

44 
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FIGURE  1  -2  LOCATION  OF  ALL  POTENTIAL  SOURCES 
OF  CONTAMINATION  AT  WRIGHT 
PATTERSON  AFB  RECEIVING  PHASE  1 
HARM  SCORE  RANKING 
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GENERAL  SITE  MAP  OF  ZONE  6 
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was  initially  operated  during  the  1940 's  as  a  lumber 
reclamation  area  where  scrap  lumber  was  accumulated  and  sold 
to  the  public.  It  was  then  handled  as  general  residential  re¬ 
fuse  as  a  surface  dump  operation.  Landfill  5  was  also  the 
site  of  a  waste  petroleum  handling  operation.  Two  tanks  (ac¬ 
tually  halves  of  a  10,000  gallon  tank)  were  used  to  burn  off 
flammable  petroleum  waste  products.  These  tanks  no  longer 
remain  at  the  site  and  should  not  have  contributed  to  sur¬ 
face  or  ground-water  contamination.  In  addition  to  these 
tanks,  there  was  a  15,000-gallon  below-ground  storage  tank 
used  to  collect  waste  oil  for  a  15  to  20  year  period.  The 
tank  was  serviced  by  an  off-Base  waste  oil  reclaimer.  In 
1978,  the  tank  was  sold,  and  the  waste  oil  reclaim  operation 
moved. 

Today  at  Landfill  5,  there  is  a  10,000-gallon  horizontal 
steel  tank  modified  to  act  as  an  oil-water  separator.  The 
tank  was  used  in  the  early  1970 's. 

At  the  present  time,  Landfill  5  accepts  flyash  from  the  Base 
heating  plants,  and  hardfill  from  construction  and  landscap¬ 
ing  activities. 

1.3.5. 2  Fire  Training  Area  1 

Fire  Training  Area  1  was  operated  from  1950  to  1955.  At 
this  location,  contaminated  fuels  were  burned  in  a  dirt  pit 
with  a  surrounding  earthen  dike,  after  first  saturating  the 
ground  with  water  to  reduce  percolation.  At  present,  there 
are  no  visible  traces  of  an  earthen  dike  or  pit  in  the  vicin¬ 
ity  of  the  Phase  I  Report  location  of  Fire  Training  Area  1. 

1.3.6  History  and  Description  of  Zone  6 

Zone  6,  as  seen  on  Figure  1-3,  is  located  at  the  far  south¬ 
west  corner  of  Wr ight-Patterson  AFB.  The  area  is  drained  by 
an  unnamed  tributary  of  the  Mad  River  which  flows  along  the 
southwest  border  of  Landfill  2.  A  general  site  map  of  Zone 
6  showing  the  location  of  Landfill  2  is  shown  on  Figure  1-9. 

1. 3.6.1  Landfill  2 

Landfill  2,  also  called  Tillman  Pit,  was  initially  a  gravel 
pit  approximately  nine  acres  in  size.  From  1941  to  1955, 
the  landfill  was  operated  as  a  surface  dump  for  general  re¬ 
fuse  from  Area  B.  Refuse  was  placed  into  the  gravel  pit  in 
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GENERAL  SITE  MAP  OF  ZONE  4 


1.3.4  History  and  Description  of  Zone  4 

The  Zone  4  sites  are  located  in  the  northeast  portion  of 
Area  C,  as  shown  on  Figure  1-3.  The  area  is  drained  by  an 
intermittent  stream  and  stormwater  ditches  that  flow  into 
Hebble  Creek.  Zone  4,  shown  in  more  detail  on  Figure  1-7, 
consists  of  the  Coal  Storage  Pile,  two  fuel  spills  in  the 
POL  Fuel  Storage  Area  and  Chemical  Burial  Site  1. 

1. 3.4.1  Coal  Storage  Pile 

The  Coal  Storage  Pile  has  been  maintained  in  the  same  area 
during  the  operating  life  of  the  Base.  Runoff  from  this 
pile  poses  a  potential  for  contamination  of  both  surface  and 
ground  water . 

1. 3.4.2  POL  Spills  2  and  3 

Spill  2,  in  April  1976,  involved  the  release  of  approximate¬ 
ly  8,000  gallons  of  JP-4  Tank  256  in  the  POL  Tank  Farm. 
Approximately  4,000  gallons  of  spilled  fuel  were  recovered 
using  ground-water  wells.  Spill  3,  in  March,  1981,  involved 
the  release  of  1,200  to  2,500  gallons  of  No.  2  fuel  oil  in 
an  area  between  Tank  252  and  the  fill  stand  in  the  POL  tank 
farm.  Although  a  recovery  trench  was  dug,  no  oil  was  recov¬ 
ered  from  this  spill. 

1.3.4. 3  Chemical  Burial  Site  1 

Two  areas,  shown  in  Figure  1-7,  compose  Burial  Site  1. 
These  locations  were  used  to  dispose  of  sludges,  containing 
tetraethyl  lead,  from  bottom  residues  of  leaded  gasoline 
storage  tanks.  Cleaning  of  the  storage  tanks  generated 
approximately  700  gallons  of  the  sludge  each  year.  Burial 
Sites  were  in  use  from  1966  to  1971.  The  precise  locations 
of  these  two  burial  sites  cannot  be  determined  either  from 
field  evidence  or  from  historical  aerial  photographs. 

1.3.5  History  and  Description  of  Zone  5 

Zone  5  is  located  in  the  Twin  Lakes  area  at  the  western  edge 
of  Area  A,  as  shown  on  Figure  1-3.  The  zone  contains  two 
sites:  Landfill  5  and  Fire  Training  Area  1.  A  general  site 

map  of  Zone  5  is  shown  on  Figure  1-8. 

1.3. 5.1  Landfill  5 

Landfill  5  is  a  23-acre  site  located  in  the  Twin  Lakes  area 
between  Riverview  and  Prairie  Roads  (see  Figure  1-8).  It 
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operation.  At  present,  the  landfill  area  is  covered  with 
soil  and  supports  the  lush  grass  and  small  trees  of  a  golf 
course. 


1.3. 3.2  Landfill  4 


Landfill  4  was  a  5.5  acre  disposal  site  operated  from  1944 
to  1949.  It  was  constructed  in  an  abandoned  water-filled 
gravel  pit.  During  initial  operations,  large  objects  such 
as  automobile  bodies  were  placed  in  the  pit  in  order  to 
bring  the  fill  up  above  the  20  to  30  feet  of  water  in  the 
pit.  Once  above  the  water  surface,  the  landfill  was 
operated  as  a  trench  and  cover  operation  for  general  refuse 
with  the  trenches  oriented  in  a  northwest  to  southeast 
direction.  At  present.  Landfill  4  is  covered  with  soil  and 
gravel,  is  fenced,  and  serves  as  a  parking  and  equipment 
storage  area. 

1.3. 3. 3  Landfill  6 


Landfill  6,  an  8.5  acre  site,  was  operated  from  1949  to  1952 
and  received  general  refuse  from  Areas  A  and  B.  It  was  con¬ 
ducted  as  a  trench  and  cover  operation.  An  intermittent 
stream  crosses  Landfill  6  and  flows  into  Hebble  Creek.  The 
landfill  is  presently  used  as  pasture  land. 

1.3. 3.4  Landfill  7 


Landfill  7,  approximately  18  acres  in  size,  was  operated 
from  1952  to  1962  and  received  general  refuse  from  Areas  A 
and  B.  An  intermittent  stream  flows  through  a  portion  of 
the  landfill  and  then  into  Hebble  Creek.  Landfill  7  was  a 
trench  and  cover  operation.  Long  areas  of  differential 
settlement  are  visible  across  the  parking  lot  of  the  horse 
stables  which  have  since  been  built  over  top  of  the  old 
landfill.  The  hay  barns  in  this  stable  complex  are  sagging 
and  shifting  due  to  differential  settlement.  Most  of 
Landfill  7  is  presently  used  as  pasture.  During  disking  and 
planting  operations,  refuse  is  occasionally  uncovered,  indi¬ 
cating  only  a  thin  soil  cover  above  the  landfill  itself. 
The  west  side  of  the  landfill  has  steep  10  to  20-foot  slopes 
where  uncovered  general  trash  such  as  metal  pieces,  old  rub¬ 
ber  hoses  and  concrete  rubble  have  been  pushed  over  the 
edges . 
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within  the  fenced  area.  North  of  Landfill  12  is  a  stagnant 
backed-up  slough  of  the  Mad  River.  The  water  surface  is  cov¬ 
ered  with  algae  growth  and  an  oily  sheen  was  observed  along 
the  edges  of  the  water . 

1.3. 2. 3  Fire  Training  Areas  3  and  4  and  POL  Spill  No.  1 

Fire  Training  Areas  3  and  4  are  located  adjacent  to  each  oth¬ 
er  in  a  roughly  triangular  area  between  Riverview  Road  and 
Landfill  11.  These  areas  were  in  use  for  a  21-year  period 
from  1960  to  1980.  Fire  training  operations  were  conducted 
by  first  saturating  the  ground  with  water  to  minimize 
percolation,  then  applying  contaminated  fuel  and  JP-4  onto 
the  areas  and  igniting.  The  contaminated  fuel  was  stored  in 
a  tank  constructed  north  of  Fire  Training  Areas  3  and  4. 
Contaminated  fuel  was  applied  from  the  tank  directly  to  the 
FT  areas,  and  trucks  containing  jP-4  were  brought  to  the 
site  and  this  fuel  also  sprayed  directly  onto  the  fire 
training  areas.  In  1972,  a  1000  to  2000  gallon  contaminated 
fuel  spill  (Spill  No.  1)  occurred  north  of  Fire  Training 
Area  3.  The  fuel  was  reportedly  intercepted  before  it 
reached  the  Mad  River  but  no  records  of  recovered  amounts 
have  been  documented. 

Fire  Training  Areas  3  and  4  were  dirt  pits  with  surrounding 
earthen  dikes  during  the  time  of  operation.  At  present,  the 
area  they  occupied  is  dirt  and  gravel  covered,  with  none  to 
very  sparse  vegetation.  A  surface  water  runoff  ditch  or  in¬ 
termittent  stream  is  located  north  of  the  fire  training 
areas.  It  discharges  to  the  stagnant  slough  north  of 
Landfill  12  and,  apparently,  during  periods  of  heavy  rain, 
to  the  Mad  River. 

1.3.3  History  and  Description  of  Zone  3 

As  shown  on  Figure  1-3,  Zone  3  is  located  at  the  southern 
edge  of  Area  A.  This  zone  contains  four  sites.  Landfills  3, 
4,  6  and  7,  shown  in  more  detail  on  Figure  1-6.  Several 
small  screams,  tributaries  of  Hebble  Creek,  drain  Zone  3  and 
flow  both  around  and  through  the  landfill  areas. 

1.3. 3.1  Landfill  3 

Landfill  3,  located  east  of  the  intersection  of  Novick  and 
Hebble  Creek  Roads,  accepted  general  refuse  from  Areas  A  and 
B  from  1940  to  1944.  The  landfill  was  approximately  three 
acres  in  size  and  was  conducted  as  a  surface  dump  and  burn 
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an  old  channel  of  the  Mad  River.  Over  time  the  river  has 
moved  toward  the  northwest  away  from  this  channel.  Sections 
of  Landfill  11  are  reportedly  up  to  50  feet  deep. 

The  site  was  initially  operated  as  a  trench  and  cover  activ¬ 
ity  and  later  as  a  ramp  dump  and  compaction  procedure  with 
daily  cover.  Various  chemical  wastes  were  reportedly  dis¬ 
posed  of  in  Landfill  11,  and  Base  personnel  reported  occa¬ 
sions  of  fires  starting  during  the  compaction  procedure 
which  were  extinguished  by  the  bulldozer  operator. 

The  landfill  is  built  up  40  to  50  feet  above  the  shallow 
banks  of  the  Mad  River,  with  steep  side  slopes.  Uncovered 
large  refuse  including  concrete  pieces,  cut  metal  storage 
tanks  and  several  empty  drums  were  visible  on  and  at  the 
base  of  the  side  slopes.  The  top  surface  of  Landfill  11  is 
covered  with  soil  and  sparsely  vegetated  with  grasses. 
Several  swampy  areas  supporting  reed  growth,  and  areas  of 
ponded  surface  water  were  also  observed.  The  side  slopes 
are  wooded  with  a  mixture  of  small  to  medium  trees  and 
shrubs , 

1.3. 2. 2  Landfill  12  (Hazardous  Storage  Area) 

Landfill  12  is  a  3000  square  foot,  cyclone-fenced  disposal 
area  that  was  operated  from  1968  to  1973,  the  same  time  peri¬ 
od  as  Landfill  11.  Initially  Landfill  12  was  used  as  a  chem¬ 
ical  disposal  site  and  an  acid  neutralization  area.  Trenches 
approximately  two  feet  wide  by  three  feet  deep  were  used  to 
dispose  of  hazardous  chemicals.  Acids  were  neutralized 
through  the  same  procedures  as  at  Landfills  8  and  10,  and 
neutralized  wastes  were  then  allowed  to  percolate  into  the 
soil.  During  the  late  1970 's  Landfill  12  was  used  as  a 
storage  place  for  waste  chemicals,  including  materials  con¬ 
taminated  with  herbicide  orange.  These  materials  were 
reportedly  not  opened  within  the  storage  area,  and  were 
later  removed  and  disposed  off-site.  In  1973,  the  Base 
contracted  to  have  all  the  stored  waste  chemicals  removed 
from  the  fenced  area. 

Landfill  12  is  overgrown  and  is  located  in  a  heavily  wooded 
area  southwest  of  Landfill  11.  The  cyclone  fence  is  still 
standing,  although  the  gate  is  unlocked  and  rusted  open.  A 
visual  survey  around  the  perimeter  of  the  fenced  area  re¬ 
vealed  the  remains  of  what  was  probably  the  acid  neutraliza¬ 
tion  area  inside  the  fence;  several  large  rusted  tanks  cut 
in  half  to  form  vats.  A  number  of  drums  was  also  observed 


1-14 


FIGURE  1-5  GENERAL  SITE  MAP  OF  ZONES  2  AND  8 
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on  the  eastern  side  were  responded  to  in  the  late  1970 's  by 
extensive  regrading  of  the  landfill.  On  the  western  por¬ 
tion,  leachate  had  been  observed  seeping  from  the  hillside 
behind  the  homes.  The  situation  was  addressed  by  installing 
perforated  plastic  drainage  pipes  into  the  hillside  and  di¬ 
recting  the  leachate  into  existing  storm  water  catch  basins. 
The  storm  sewer  system  ultimately  discharges  to  Hebble 
Creek.  On  the  southern  portion  of  Landfill  10,  west  of  the 
demolished  housing  unit  on  Weitzel  Way  (now  a  parking  area), 
is  a  small  grove  of  trees  containing  an  oily  and  iron- 
stained  leachate  seep.  During  and  after  periods  of  heavy 
rainfall,  the  seep  actively  produces  leachate  which 
overflows  in  an  iron-stained  stream  across  the  grass  and 
into  a  nearby  storm  water  drain. 

On  the  northern  portion  of  the  landfill  in  the  approximate 
vicinity  of  the  old  chemical  disposal  trench,  a  leachate 
seep  was  discovered  flowing  from  the  side  slope  of  the  land¬ 
fill  into  the  back  yard  of  a  residence  on  Buell  Court.  This 
seep  was  iron-stained  and  extremely  odorous.  After  com¬ 
plaints  from  residents  of  the  military  housing,  the  Base  in¬ 
stalled  french  drains  in  both  of  these  seeps  in  June  1984  to 
carry  the  leachate  into  the  storm  sewer  system.  At  the 
northern  toe  of  Landfill  10,  the  storm  water  sewer  empties 
into  an  open  drainage  ditch  that  flows  west  along  Kauffman 
Avenue  into  a  tributary  of  Hebble  Creek.  Iron-stained 
leachate  can  be  seen  flowing  out  of  the  concrete  storm  sewer 
into  the  drainage  ditch.  Several  smaller  seeps  were  ob¬ 
served  along  the  upper  side  slopes  on  the  western  side  of 
Landfill  10.  The  northern  portion  of  Landfill  10  is  sparse¬ 
ly  vegetated  with  grass  and  consists  primarily  of  exposed 
soil  and  numerous  areas  of  ponded  surface  water.  A  faint 
odor  of  hydrogen  sulfide  was  detected  on  this  portion  of  the 
landfill  but  no  visible  gas  seeps  like  those  on  Landfill  8 
were  observed. 

1.3.2  History  and  Description  of  Zone  2 

Zone  2,  containing  Landfills  11  and  12,  Fire  Training  Areas 
3  and  4  and  POL  Spill  1,  is  located  along  the  northwest 
boundary  of  Area  C  adjacent  to  the  Mad  River  (see  Figure  1- 
3).  A  map  of  this  Zone  is  shown  on  Figure  1-5. 


1.3. 2.1  Landfill  11 

Landfill  11  is  a  16  acre  site  that  was  used  for  general  re¬ 
fuse  disposal  from  1968  to  1977.  The  landfill  is  located  in 


to  the  nearest  stream.  No  visible  surface  evidence  of  the 
acid  neutralization  area  was  found  during  site  visits. 
During  a  reconnaissance  along  the  stream  at  the  eastern  base 
of  Landfill  8,  a  number  of  iron-stained  and  oily  leachate 
seeps  were  observed  flowing  out  of  the  the  landfill  and  the 
stream  bank  into  the  stream.  Iron-stained  leachate  was  also 
observed  breaking  out  of  the  hillside  through  a  concrete 
retaining  wall  on  Longstreet  Lane,  to  the  northeast  of 
Landfill  8. 

Immediately  north  of  the  tennis  court  area  of  Hadden  Park, 
several  gas  vents  have  opened  in  the  ground  surface  and  are 
releasing  an  odorous  mixture  of  methane,  hydrogen  sulfide 
and  trace  amounts  of  organic  compounds.  Surface  soil  around 
each  of  the  vents  has  been  discolored  to  black.  The  area 
surrounding  the  seeps  has  been  fenced  and  posted  as  Off 
Limits  by  the  Base. 

1. 3.1.2  Landfill  10 

Landfill  10  is  an  oblong  shaped  10  acre  site  which  received 
wastes  from  all  areas  of  the  Base  during  the  period  1965  to 
1968.  Like  Landfill  8,  the  same  three  distinct  disposal 
operations  were  conducted.  General  refuse  disposal  in  the 
northern  portion  of  the  site  was  conducted  using  a  north  to 
south  oriented  trench  and  cover  operation.  In  the  southern 
part  of  the  site,  refuse  trenches  ran  in  an  east  to  west  di¬ 
rection.  Areas  of  differential  settlement  are  visible  in 
the  southern  portion  of  the  landfill  near  Weitzel  Way  and 
the  grassed  playground  area.  One  of  the  residential  units 
on  Weitzel  Way  was  demolished  and  removed,  because  of  settle¬ 
ment  and  the  area  paved. 

Toxic  and  hazardous  chemicals  at  Landfill  10  reportedly  were 
disposed  of  in  a  single  trench  on  the  eastern  side  of  the 
landfill.  During  the  subsequent  construction  of  residential 
homes  at  Woodland  Hills,  this  trench  was  uncovered  by  the 
contractor.  Base  personnel  removed  the  unearthed  chemicals 
and  they  were  transported  to  Landfill  12  in  the  early  1970 's 
for  ultimate  burial.  An  acid  neutralization  facility  was 
also  located  in  the  center  of  Landfill  10.  Acids  were 
dumped  into  a  vat,  neutr&ii,,ed  with  lime,  and  then 
discharged  to  the  ground  surface  to  follow  natural  drainage 
pathways . 


Complaints  have  been  received  in  the  past  from  a  number  of 
military  housing  units  built  on  the  eastern  and  western  bor¬ 
ders  of  Landfill  10.  Initial  complaints  from  the  occupants 


m  Zone  7  (Landfill  9) 

•  Zone  8  (Fire  Training  Area  2). 

The  following  text  provides  a  brief  history  and  description 
of  each  site. 

1.3.1  History  and  Description  of  Zone  1 

As  shown  on  Figure  1-3,  Landfills  8  and  10,  which  comprise 
Zone  1,  lie  to  the  northeast  of  Wright  Airfield  in  Area  B  of 
the  installation.  Figure  1-4  is  a  map  of  Zone  1  showing  the 
locations  and  approximate  boundaries  of  Landfills  8  and  10. 
The  two  landfill  areas  are  separated  and  drained  by  an  un¬ 
named  stream  that  flows  north  into  Hebble  Creek  and,  in 
turn,  to  the  Mad  River.  Military  housing  units  have  been 
built  on  the  northern  border  of  Landfill  8  and  on  the  east¬ 
ern  and  western  borders  of  Landfill  10. 

1.3. 1.1  Landfill  8 

Landfill  8  is  a  roughly  rectangular  13-acre  site  which  re¬ 
ceived  wastes  from  Area  B  from  1955  to  1962.  The  depth  of 
the  landfill  is  reportedly  50  to  60  feet.  Landfill  8  con¬ 
tained  three  distinct  operations; 

•  General  refuse  disposal 

•  Hazardous  chemical  disposal 

•  Acid  neutralization. 


General  refuse  was  disposed  in  a  trench  and  cover  operation 
with  trench  orientation  north  to  south.  Areas  of  differen¬ 
tial  settlement  due  to  trenching  operations  are  visible  in 
the  area  of  the  tennis  and  basketball  courts  and  parking  lot 
in  Hadden  Park.  Hazardous  chemicals  were  reportedly 
disposed  of  in  separate  trenches  southeast  of  Building  821. 
The  typical  operating  procedure  was  to  throw  individual 
glass  bottles  containing  chemicals  into  the  trenches  to  try 
to  break  them.  No  surface  evidence  of  the  chemical  trenches 
is  visible  at  the  site.  An  acid  neutralization  area  was 
operated  on  the  southern  portion  of  the  landfill.  Acids 
were  poured  into  small  tanks  and  lime  added  to  neutralize 
the  liquid.  The  pH  was  monitored  and,  when  neutralized,  the 
liquid  was  discharged  to  the  ground  and  allowed  to  run  off 


direct  contact  with  the  ground  water.  From  1955  to  1975, 
the  landfill  was  used  as  a  hardfill  disposal  area. 

1.3.7  History  and  Description  of  zone  7 

As  shown  in  Figure  1-3,  Zone  7,  containing  Landfill  9 
(Sandhill),  is  located  across  State  Route  235  from  the 
Base-proper,  in  the  far  northeast  corner  of  the  reservation. 
A  general  site  map  of  zone  7  is  presented  on  Figure  1-10. 

1.3. 7.1  Landfill  9 

Landfill  9,  also  called  Sandhill,  was  operated  for  a  two- 
year  period  from  1962  to  1964.  It  was  constructed  in  a  sand 
pit  and  covered  an  area  of  approximately  nine  acres. 
Landfill  9  was  the  first  to  receive  wastes,  including  hazard¬ 
ous  chemicals,  from  Areas  A,  B  and  C  combined.  It  was  con¬ 
ducted  as  a  trench  and  cover  operation  with  the  trenches 
running  in  a  north-south  orientation.  Depths  of  the  trench¬ 
es  was  approximately  20  feet.  Landfill  9  was  abandoned  for 
the  following  reasons; 

1.  Proximity  to  the  approach  path  of  the  major 
runway  at  Area  C 

2.  Concerns  about  bird  hazards 

3.  Complaints  from  neighbors  about  blowing 

trash 

4.  Its  remote  location  from  the  refuse  generat¬ 
ing  centers  on  the  Base  complex. 


1.3.8  History  and  Description  of  Zone  8 

Zone  8,  as  shown  on  Figure  1-3,  is  located  along  the  north¬ 
west  border  of  Area  C,  just  north  of  Zone  2.  Zone  8  con¬ 
tains  one  Phase  II  site.  Fire  Training  Area  2,  and  also  the 
currently  operated  Fire  Training  Area  5.  A  detailed  map  of 
Zone  8  can  be  found  together  with  zone  2  on  Figure  1-5.  The 
area  is  bordered  on  the  northwest  by  the  Mad  River.  An  aban¬ 
doned  channel  of  the  Mad  River  forms  a  pooled  area  which 
separates  zone  8  from  Zone  2. 


Fire  Training  Area  2  was  used  for  a  five-year  period  from 
1955  to  1960.  At  this  location,  contaminated  fuels  were 
burned  in  a  dirt  pit  with  a  surrounding  earthen  dike.  The 
ground  was  saturated  with  water  to  reduce  percolation  before 
pouring  in  the  soil.  At  present  there  are  not  visible 
traces  of  an  earthen  dike  or  pit  in  the  vicinity  of  the 
Phase  I  Report  location  of  Fire  Training  Area  2.  Fire 
Training  Area  5  is  not  a  Phase  II  site.  This  area  was 
placed  in  service  in  1981  and  has  a  concrete  lining  which 
contains  all  of  the  petroleum  products  used  during  fire 
training  exercises. 

1.4  CONTAMINATION  PROFILE 

Historically,  most  of  the  wastes  containing  hazardous  sub¬ 
stances  have  been  generated  by  industrial  aircraft  mainte¬ 
nance  or  overhaul  missions.  Waste  oils  and  solvents  from 
cleaning  and  painting  operations  are  the  primary  wastes  of 
concern.  Fuel  sludges  from  storage  tanks  or  tank  cleaning 
operations  also  were  generated  in  the  past  and  pose  a  con¬ 
cern.  Much  of  the  combustible  wastes  have  either  been  burn¬ 
ed  in  fire  training  exercises  or  disposed  of  through  DPDO. 

Prior  to  1973,  however,  quantities  of  industrial  chemicals 
were  reportedly  disposed  of  in  installation  Landfills  5,  8, 
10,  11  and  12.  In  addition,  acid-neutralized  chemicals  were 
allowed  in  the  past  to  enter  the  soils  during  acid  neutra¬ 
lization  operations  at  Landfills  8,  10,  and  12,  and  oil  sepa¬ 
ration  and  burning  operations  at  Landfill  5.  Several  major 
fuel  spills  also  occurred  near  the  POL  Tank  Farm  and  adja¬ 
cent  to  Fi^e  Training  Areas. 

Based  on  the  WPAFB  Phase  I  Records  Search,  the  key  parame¬ 
ters  of  potential  concern  are  volatile  organic  compounds, 
oils  and  greases,  and  select  metals.  To  develop  an  initial 
determination  of  whether  or  not  past  operational  and  dispos¬ 
al  practices  have  adversely  impacted  the  environment,  ground- 
water  samples  collected  from  the  27  monitor  wells  installed 
in  the  eight  Zones,  and  leachate  samples  collected  from  two 
of  the  landfills  were  analyzed  for  the  parameters  listed  in 
Table  1-2.  The  details  of  the  field  work  accomplished  at 
WPAFB  are  described  in  Section  3  of  this  report. 


1 . 5  PROJECT  TEAM 


The  Phase  II  Confirmation  Study  at  WPAFB  was  conducted  by 
staff  personnel  of  Roy  F.  Weston,  Inc.  and  was  managed 
through  WESTON's  home  office  in  West  Chester,  Pennsylvania. 
The  following  personnel  served  lead  functions  in  this  pro¬ 
ject: 

PETER  J.  MARKS,  PROGRAM  MANAGER:  Corporate  Vice  Presi¬ 
dent  and  Manager  of  Laboratory  Services ,  Master  of  Science 
(M.S.)  in  Environmental  Science,  18  years  of  experience  in 
laboratory  analysis  and  applied  environmental  sciences. 

FREDERICK  BOPP,  III,  PH.D.,  P.G.  PROJECT  MANAGER:  Doctor 
of  Philosophy  (Ph.D.)  in  Geology  and  Geochemistry,  Regis¬ 
tered  Professional  Geologist  (P.G.),  over  8  years  of  ex¬ 
perience  in  hydrogeology  and  applied  geological  sciences. 

MARIAN  R.  DZEDZY,  PROJECT  SCIENTIST:  Bachelor  of  Science 
(B.S.)  in  Agronomy,  four  years  of  experience  in  soil  science 
and  hydrogeology. 

WALTER  M.  LEIS,  P.G.,  GEOTECHNICAL  QUALITY  ASSURANCE  OF¬ 
FICER:  Corporate  Vice  President  and  Manager  of  the  Geo¬ 
sciences  Department,  M.S.  in  Geological  Sciences,  Registered 
Professional  Geologist,  over  10  years  of  experience  in  hydro¬ 
geology  and  applied  geological  services. 

JAMES  S.  SMITH,  PH.D.,  LABORATORY  QUALITY  ASSURANCE  OF¬ 
FICER;  Ph.D.  in  Chemistry,  over  16  years  of  experience  in 
laboratory  analysis. 

THEODORE  F.  THEM,  PH.D.,  PROJECT  CHEMIST;  Ph.D.  in  An¬ 
alytical  Chemistry,  over  10  years  of  experience  in  labora¬ 
tory  analysis. 

Professional  profiles  of  these  key  personnel,  as  well  as 
other  project  personnel  are  contained  in  Appendix  C. 

1.6  FACTORS  OF  CONCERN 

Several  factors  of  concern  should  be  highlighted  at  the  out¬ 
set  of  this  Confirmation  Study  Report  for  consideration  by 
the  reader  in  the  review  of  the  following  sections. 


Wr ight-Patterson  AFB  overlies  highly  permeable  valley  fill 
deposits  of  glacial  outwash  and  till.  Ground  water  occurs 
in  this  unit  under  both  water  table  (unconfined)  and 
artesian  (confined)  conditions.  Ground-water  flow  direction 
in  the  vicinity  of  WPAFB  is  toward  the  southwest  in  the  same 
direction  as  the  flow  of  the  Mad  River.  Water  supplies  for 
both  Wright-Patterson  AFB  and  for  the  City  of  Dayton  are  ob¬ 
tained  from  wells  completed  in  the  outwash  aquifer.  In  addi¬ 
tion,  all  but  one  of  the  Phase  II  sites  included  in  this 
investigation  are  located  very  close  to  surface  streams 
which  drain  into  the  Mad  River.  The  City  of  Dayton's 
wellfield  is  located  at  Rohrer's  Island  Recharge  Area  in  the 
Mad  River,  downstream  of  WPAFB  Areas  A  and  C.  At  Rohrer's 
Island,  the  outwash  deposits  form  the  region's  most  produc¬ 
tive  aquifer,  with  ground-water  yields  to  wells  on  the  order 
of  1,000  gallons  per  minute. 

Contaminants  from  Wright-Patterson  AFB  have  the  potential  to 
migrate  toward  the  Rohrer's  Island  Recharge  Area  by  both 
ground  water  and  surface  water  routes. 
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SECTION  2 


ENVIRONMENTAL  SETTING 


2.1  TOPOGRAPHY  AND  SURFACE  DRAINAGE 

WPAPB  lies  on  the  southeastern  portion  of  the  Mad  River 
Valley,  approximately  3  miles  north  of  the  confluence  of  the 
Mad  River  and  the  Great  Mieimi  River.  The  terrain  is  gen¬ 
erally  level,  within  the  river  valley  itself  where  the  air¬ 
fields  are  located,  to  gently  rolling  in  the  higher  areas  to 
the  southeast  where  much  of  the  Base  housing  and  support 
facilities  are  located.  Total  relief  for  the  facility  is  as 
much  as  200  feet  with  the  lowest  elevation  being  approxi¬ 
mately  780  feet  above  mean  sea  level  (MSL)  at  the  southern 
end  of  Area  B,  and  the  highest  elevation  (975  feet  above 
MSL)  being  located  in  Area  B  near  the  intersection  of  Airway 
Road  and  National  Road. 

Besides  the  northeast-southwest  trending  Mad  River  Valley, 
the  other  principle  topographic  feature  is  a  high  salient 
running  southeast  to  northwest.  This  feature,  caused  by  the 
protrusion  of  underlying  bedrock,  produces  a  bottleneck  in 
the  river  valley  which  separates  the  old  Wright  Field  from 
the  active  runway  area.  The  Huffman  Dam,  an  earthen 
structure,  spans  the  valley  at  this  narrow  point. 

Surface  drainage  from  the  Base  runs  ultimately  to  the  Mad 
River  by  way  of  Hebble  and  Trout  Creeks  and  a  number  of 
small  unnamed  tributaries.  Surface  drainage  patterns  are 
summarized  on  Figure  2-1  (from  the  Phase  I  Report). 

2.2  GEOLOGY 

The  bedrock  of  the  Wright-Patterson  AFB  consists  of  gently 
dipping  sedimentary  rock  of  Ordovician  and  Silurian  age  that 
forms  part  of  the  Cincinnati  Arch.  The  Richmond  group,  con¬ 
sisting  of  shales  with  thin  limestone  interbeds,  is  of  Ordo- 
vican  age,  and  directly  underlies  the  unconsolidated  sedi¬ 
mentary  deposits  of  the  Mad  River  valley.  In  areas  of  higher 
topography,  the  Richmond  group  is  overlain  by  the  Brassfield 
Limestone,  which  is  a  relatively  pure  grey  to  brown  fossil- 
iferous  limestone  which  occasionally  crops  out  on  the  hill¬ 
sides  and  is  exposed  in  readouts.  The  Brassfield  is 
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reportedly  30  feet  or  less  in  thickness  in  this  area. 
(Norris  and  Spieker  1966). 

During  the  glacial  periods  the  bedrock  terrain  was  dissected 
by  glaciers  and  glacial  streeuns  that  produced  a  deeply 
eroded  stream  valley  in  the  same  general  path  now  occupied 
by  the  Mad  River  Valley.  Erosion  took  place  in  two  stages: 
the  first  stage,  called  the  Teay's  Stage,  eroded  the  valley 
down  to  elevation  550  feet  (MSL) ;  the  second  stage,  called 
the  Deep  Stage,  eroded  the  center  of  the  valley  down  below 
500  feet  (MSL).  This  deeply  cut  valley  was  subsequently 
backfilled  with  almost  300  feet  of  sediments  of  glacial 
origin  which  now  underly  the  Mad  River  Valley  and  most  of 
the  installation. 

Unconsolidated,  glacially  related  outwash  and  tills  are  the 
predominant  sediments  directly  underlying  the  installation. 
Over  250  feet  of  sand  and  gravel  outwash  fills  the  ancient 
valley  which  underlies  the  airfields.  Interbedded  in  the 
porous  sand  and  gravel  outwash  are  thick  lenses  of 
relatively  impermeable  clay  till.  This  till  occupies  two 
principle  horizons  in  the  valley  sediment  colvunn;  the  major 
till  zone  is  about  60  feet  below  the  valley  floor  and  is  up 
to  40  feet  thick.  While  not  continuous  in  all  areas,  this 
till  does  appear  from  existing  boring  logs  to  be  continuous 
in  the  area  around  WPAFB,  and  divides  the  outwash  sediments 
into  upper  and  lower  hydraulic  zones.  A  thinner,  less 
continuous  till  occurs  in  the  valley  sediments  at  depths  of 
10  to  30  feet. 

The  southeastern  side  of  the  Mad  River  Valley,  including  the 
airfield  areas,  is  directly  underlain  by  a  thin  veneer  of 
recent  fluvial  outwash  that  consists  of  variable  mixtures  of 
sands,  silts  and  clays  deposited  by  drainage  from  the  adja¬ 
cent  high  areas.  Sand  and  gravel  kame  deposits  and  a  thin 
veneer  of  moraine  sediments  cover  the  higher  elevations  of 
the  installation.  The  surficial  geology  of  WPAFB  is  summar¬ 
ized  in  Figure  2-2  (from  the  Phase  I  Report).  Figure  2-3  is 
a  stratigraphic  cross-section  along  the  approximate  axis  of 
the  Mad  River  Valley  southwest  of  Areas  A  and  B,  illustrat¬ 
ing  the  relationships  among  the  shale  bedrock,  the  glacial 
outwash  (drift),  and  till  deposits. 

2.3  GROUND-WATER  OCCURRENCE 

The  Richmond  group  of  shales  and  interbedded  limestones  are 
not  significant  as  existing  or  potential  sources  of 
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FIGURE  2-2  SURFICIAL  GEOLOGY  AT  WRIGHT  PATTERSON  AFB 
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ground  water  in  the  area.  These  relatively  impermeable 
rocks  yield  water  volumes  barely  sufficient  for  domestic  use 
(Norris  and  Spieker,  1966).  The  Brassfield  limestone,  found 
in  higher  topography,  yields  moderate  amounts  of  water  for 
domestic  and  farm  use.  The  major  aquifers  in  the  Dayton 
area,  however,  are  the  valley  sediments.  These  sediments 
are  the  major  source  of  water  for  the  City  of  Dayton,  area 
industry,  and  Wright-Patterson  AFB. 

The  principle  water-bearing  zones  in  the  valley  aquifer  are 
in  the  highly  transmissive  outwash  sediments  that  are  up  to 
200  feet  thick  and  saturated  from  a  few  feet  below  the 
ground  surface.  The  till  occurring  at  about  60  feet  (see 
section  2.2)  divides  the  aquifer  into  a  lower  and  upper 
system  with  the  lower  system  being  locally  semi-conf ined . 
The  upper  aquifer  appears  unconfined  throughout  the 
installation  although  some  near-surface  occurrences  of  till 
in  the  area  produce  locally  confining  conditions  and  inhibit 
recharge  to  the  aquifer  along  Mad  River. 

Transmissivities  of  the  valley  aquifer  are  reported  to  be  as 
high  as  400,000  gallons  per  day  per  foot,  which  is  a  very 
high  value  for  an  aquifer  of  this  relatively  small  thick¬ 
ness  (Norris  and  Spieker,  1966).  Recharge  to  the  water 
table  is  by  direct  percolation  through  soils,  and  by 
recharge  from  surface  streams,  including  the  Mad  River  and 
its  tributaries,  Hebble  Creek  and  Trout  Creek,  which  run 
through  the  installation.  The  installation  in  general  is  a 
recharge  area.  Artificial  ponds  on  Neville  Island  have  been 
maintained  specifically  to  enhance  recharge  around  the 
Rohrer's  Island  wellfield  which  serves  the  City  of  Dayton. 

Ground-water  flow  in  the  valley  is  generally  to  the 
southwest  in  the  same  direction  as  surface  water  flow. 
Locally,  ground  water  flow  is  affected  by  depressions  caused 
by  pumping,  such  as  at  the  Rohrer's  Island  wellfield  of  the 
City  of  Dayton,  and  by  mounding  of  the  ground-water  table 
produced  by  areas  of  recharge. 

2.4  GROUND-WATER  DEVELOPMENT  AT  WPAFB 

Wright-Patterson  Air  Force  Base  obtains  its  fresh  water 
resources  from  actively  pumping  ground-water  production 
wells  in  Areas  A  and  C  of  the  Base.  There  are  eight  active 
production  wells  at  the  Base,  with  the  available  capacity  to 
pump  up  to  9.1  mgd  (based  upon  records  from  the  Phase  I 
Report).  The  locations  of  the  active  Base  pumping  wells  are 


shown  on  Figure  2-4.  Also  shown  on  that  figure  is  the 
location  of  the  Rohrer's  Island  wellfield  operated  by  the 
City  of  Dayton.  All  installation  water  supply  wells  are 
completed  in  the  highly  permeable  glacial  outwash  deposits, 
described  above,  and  average  approximately  55  feet  in  depth. 
Static  water  levels  in  the  Base  wells  range  between  five 
and  22  feet  below  ground  surface.  The  extremely  high 
transmissivity  of  the  glacial  outwash  deposits  is  documented 
by  the  results  of  a  production  pump  test  on  Well  No.  7, 
conducted  in  1954.  The  well  was  pumped  at  up  to  1,200 
gallons  per  minute  with  only  13  feet  of  drawdown 
(Engineering-Science,  1982,  Phase  I  Report). 
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SECTION  3 


FIELD  PROGRAM 


3.1  PROGRAM  DEVELOPMENT 

Task  Order  22  (Appendix  B)  was  issued  on  the  basis  of  the 
Phase  II  Pre-Survey  Report.  All  sites  recommended  for  Phase 
II  investigation  in  the  Phase  I  report  were  addressed  in  the 
Phase  II  program,  with  modifications  incorporated  from  the 
Phase  II  Pre-Survey  Report. 

The  following  text  discusses  the  approved  field  investiga¬ 
tion  for  all  eight  zones  considered  in  this  Phase  II,  Stage 
I  Study  Report. 

3.1.1  Zone  1 

By  design  of  the  Phase  II  work  Plan  developed  by  WESTON, 
Zone  1  included  two  sites: 

•  Landfill  8 

•  Landfill  10. 

The  WESTON  Phase  II  Pre-Survey  Report  recommended  that  the 
investigation  in  Zone  1  include  aerial  photograph  analyses, 
geophysical  surveys,  ground-water  monitor  well  and  methane 
well  installation,  and  sampling  of  ground  water,  leachate 
and  surface  water.  Since  Landfills  8  and  10  are  close  to 
each  other  and  are  drained  by  the  same  surface  water  system, 
the  monitoring  of  ground-water  flow  and  contaminant 
migration  was  approached  on  a  general  area  scale.  The  final 
approved  Scope  of  Work  included  the  following  tasks: 

•  Evaluate  historic  aerial  photographs  to  determine 
the  areal  extent  of  the  landfills. 

•  Conduct  brief  geophysical  surveys  involving 
magnetometer  and  Ground  Penetrating  Radar  on 
Landfills  8  and  10  to  determine  actual  locations  of 
chemical  burial  trenches  and  acid  neutralization 
areas . 

•  Sample  three  leachate  seeps  from  each  landfill  for 
the  parameters  shown  on  Table  1-2. 
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3. 2. 3.1  Zone  1:  Landfills  8  and  10 


^  total  of  five  monitor  wells,  screened  in  the  upper  part  of 
the  ground-water  table,  were  installed  in  Zone  1.  Locations 
of  the  wells,  numbered  MW-1  through  MW-5,  are  shown  on  Fig¬ 
ure  3-2.  MW-1  is  located  upgradient  of  Landfill  8.  MW-2 
and  MW- 3  are  located  downgradient  of  Landfill  8,  between  the 
landfill  and  the  small  unnamed  creek  that  drains  the  area. 
MW-4  and  MW-5  are  placed  downgradient  of  Landfill  10.  The 
monitor  wells  range  in  depth  from  44  to  65  feet  below  ground 
surface,  and  the  ground  water  surface  was  encountered  at 
depths  of  from  26  to  33  feet.  Wells  1  through  4  were 
screened  in  fine  to  coarse  silty  and  clayey  sands.  Twenty 
to  thirty-foot  lengths  of  screen  were  used  in  these  wells  to 
ensure  an  adequate  flow  of  water. 

Well  MW-5  was  screened  in  medium  to  coarse  sand  and  gravel, 
a  material  which  yielded  a  high  ground-water  flow.  A  ten- 
foot  screen  was  used  in  this  well.  Special  care  was  taken 
while  grouting  the  annular  space  above  the  well  screen  to  en¬ 
sure  that  vertical  infiltration  of  water  and  leachate  from 
the  landfills  would  not  occur  around  the  well  casing.  A  com¬ 
plete  discussion  of  subsurface  conditions  is  presented  in 
Section  4.1.  Table  3-3  summarizes  the  well  construction  de¬ 
tails.  Figures  3-3,  3-4  and  3-5  illustrate  well  construc¬ 
tion  details  for  all  the  monitor  wells.  Zone  1  monitor 
wells  are  found  on  Figure  3-3. 

Four  methane  gas  monitor  wells,  screened  in  the  unsaturated 
zone,  were  installed  in  Zone  1.  The  methane  wells  were 
drilled  into  Landfills  8  and  10  in  order  to  collect  any  gases 
emanating  from  these  landfills.  Locations  of  the  wells, 
numbered  GW-1  through  GW-4 ,  are  shown  on  Figure  3-2.  A  summary 
of  well  completion  details  is  shown  on  Figure  3-6.  GW-1  and 
GW-2  monitor  Landfill  8  and  are  located  at  Hadden  Park.  GW-1 
is  in  the  playground  area  on  the  north  end  of  the  park,  and 
GW-2  is  in  the  ball  field  area  to  the  south  of  the  basketball 
courts.  GW-3  and  GW-4  monitor  Landfill  10  and  are  located  at 
Woodland  Hills.  GW-3  is  in  the  playground  west  of  Weizel  Way, 
and  GW-4  is  west  of  Buel  Court. 
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ing  a  tremie  pipe  in  the  annular  space  and  pumping  a  bento¬ 
nite-cement  grout  to  the  top  of  the  Bentonite  Pellet  Seal  as 
the  augers  or  casings  were  withdrawn.  Care  was  taken  to  pre¬ 
vent  collapse  of  the  annular  space  and  to  produce  a  continu¬ 
ous  grout  seal  to  the  ground  surface.  Each  well  was  complet¬ 
ed  with  the  installation  of  a  six-inch  diameter  steel  protec¬ 
tive  casing  equipped  with  a  locking  cap,  cemented  in  place 
over  the  top  of  the  PVC  riser  pipe.  A  typical  well 
construction  diagram  is  presented  in  Figure  3-1.  Well 
completion  details  for  all  monitor  wells  are  summarized  in 
Appendix  D.  Each  well  was  developed  using  a  submersible 
pump  to  remove  fine  soil  particles  until  the  water  pumped 
clear.  Development  times  per  well  ranged  from  15  minutes  to 
two  hours.  It  was  observed  that  wells  drilled  using  the 
cable  tool  method  produced  clearer  water  more  rapidly,  and 
therefore  required  less  development  time  than  auger-drilled 
wells.  This  is  probably  due  to  bailing  of  the  cuttings  and 
water  slurry  during  the  cable  tool  drilling  operation.  A 
smooth-sided  borehole  resulted  and  most  of  the  fines  were 
removed  before  setting  the  well.  The  auger  method  drilled 
with  a  churning  action  causing  more  disturbance  of  the 
unconsolidated  sediments  resulting  in  muddy  water  in  the 
well . 

The  four  methane  monitor  wells  were  drilled  to  the  top  of 
the  water  table  using  the  auger  method.  A  four-inch  PVC 
screen  was  placed  from  several  feet  below  ground  surface  to 
the  top  of  the  water  table,  in  order  to  collect  gases  from 
the  entire  unsaturated  zone.  The  screen  was  packed  with 
coarse  sand  to  allow  rapid  entry  of  gases  into  the  well. 
Sealing  against  surface  infiltration  was  accomplished  by  a 
bentonite  pellet  layer  above  the  sand  pack  and  cement  grout 
to  the  ground  surface.  A  six-inch  steel  protective  casing, 
with  locking  cap,  was  set  over  each  PVC  riser  pipe. 

At  the  request  of  Base  personnel,  painted  metal  guard  posts, 
filled  with  cement  and  cemented  into  the  ground,  were 
installed  adjacent  to  selected  monitor  wells  in  order  to 
protect  them  from  maintenance  machinery. 


3-13 


The  slurry  was  removed  at  intervals  from  the  borehole  using 
a  four-inch  diameter  bailer  with  a  check  valve  at  the  bot¬ 
tom.  The  steel  casing  was  then  driven  several  more  feet  and 
the  process  continued.  Additional  lengths  of  steel  casing 
were  welded  on  as  needed  to  increase  the  depth  of  the  bore¬ 
hole.  When  first  water  was  encountered,  evidenced  by  the  in¬ 
crease  of  water  inside  the  steel  casing,  it  was  no  longer 
necessary  to  add  water  to  form  the  slurry.  At  this  point,  a 
split  spoon  sample  of  the  saturated  material  was  collected 
to  describe  the  composition  of  the  water-bearing  zone.  Af¬ 
ter  examination  of  the  sample,  the  borehole  and  steel  casing 
were  advanced  to  the  required  depth  below  the  water  table 
and  the  monitor  well  was  constructed  at  this  depth. 

3.2.3  Monitor  Well  Installation  and  Construction 

The  monitor  wells  were  constructed  of  four-inch  diameter 
wound  PVC  screen  (0.010-inch  slot  openings)  and  flush- joint 
threaded  PVC  pipe.  No  glued  joints  or  fittings  were  used. 
Screen  length  for  each  well  was  determined  by  the  type  of  ma¬ 
terial  in  the  water-bearing  zone.  The  objective  was  a  well 
which  would  produce  a  good  flow  of  from  five  to  15  gallons 
per  minute,  more  than  adequate  for  development,  purging  and 
sampling  procedures. 

A  minimum  length  ten-foot  screen  was  used  in  a  coarse  sand 
or  gravel.  If  the  material  was  finer  sand  or  contained  a 
high  proportion  of  fine  silt  or  clay  particles,  a  longer 
screen  was  used  to  ensure  an  adequate  flow  of  water.  Once 
the  boring  was  drilled  to  the  required  depth,  appropriate 
lengths  of  screen  and  pipe  were  threaded  together  and  low¬ 
ered  through  the  hollow  stem  auger  or  the  cable  tool  steel 
casing  to  the  bottom  of  the  hole.  The  augers  or  steel  cas¬ 
ing  were  withdrawn  to  several  feel  above  the  screen  to  allow 
the  sand  and  gravel  formation  to  collapse  against  the 
screen,  forming  a  natural  sand  pack.  Additional  sand  was 
added  to  the  annulus  to  bring  the  sand  pack  up  to  at  least 
five  feet  above  the  top  of  the  screen. 

The  augers  or  steel  casing  were  again  raised  and  bentonite 
pellets  poured  slowly  into  the  annulus,  forming  a  seal  to 
isolate  the  screened  interval  from  vertical  infiltration 
through  the  annular  space.  The  seal  was  completed  by  plac- 


Augering  is  a  rapid  method  of  drilling  in  unconsolidated,  me¬ 
dium-textured  formations.  Coarse  saturated  sands  and  large 
cobbles  can  cause  problems  for  augers  when  sand  rises  inside 
the  hollow  stem  or  the  augers  become  jammed  and  unable  to  ro¬ 
tate.  Augers  cannot  drill  in  solid  rock  formations. 

Although  the  process  is  slower,  the  cable  tool  is  capable  of 
drilling  in  solid  rock,  as  well  as  unconsolidated  forma¬ 
tions,  by  first  pounding  and  crushing  the  material,  then  ad¬ 
vancing  the  casing  and  bailing  out  the  pulverized  rock  and 
water  slurry. 

Although  the  completed  monitor  wells  are  of  the  same  final 
construction,  the  drilling  methods  for  these  two  rigs  are 
very  different.  They  are  each  explained  in  the  following 
sections . 

3. 2. 2.1  Auger  Drilling  Method 

In  this  method,  the  borehole  was  drilled  using  rotating  six- 
inch  inside  diameter  hollow  stem  augers  to  cut  the  unconsoli¬ 
dated  material  and  lift  the  cuttings  to  the  surface.  The 
augers  are  of  the  continuous-flight  type,  and  generally  manu¬ 
factured  in  five  foot  lengths,  and  the  external  auger  blades 
lift  cuttings  from  the  borehole  in  the  same  fashion  as  a  car¬ 
penter's  conventional  twist  drill.  The  augers  were  advanced 
until  first  water  was  encountered  in  the  boring,  evidenced 
by  saturated  cuttings.  At  this  point  a  split  spoon  sample 
of  the  saturated  material  was  collected  in  order  to  describe 
the  composition  of  the  water-bearing  zone.  After  examina¬ 
tion  of  the  sample,  the  augers  were  advanced  to  the  required 
depth  below  the  water  table  and  the  monitor  well  was  con¬ 
structed  at  this  depth. 

3. 2. 2. 2  Cable  Tool  Drilling  Method 

In  this  drilling  method,  a  drive  shoe  made  of  tempered  steel 
was  attached  to  a  length  of  six-inch  diameter  steel  casing. 
The  borehole  was  advanced  by  driving  (pounding)  the  casing 
several  feet  at  a  time  into  the  formation.  This  results  in 
a  plug  of  the  unconsolidated  material  rising  inside  the  cas¬ 
ing.  Water  was  then  poured  into  the  casing  and  a  heavy  dril¬ 
ling  chisel  regularly  dropped  and  lifted  to  loosen  and  crush 
the  material  and  mix  it  with  the  water  to  form  a  slurry. 
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TABLE  3-2 

FIELD  ACTIVITY  SCHEDULE 


Date 


Activity 


31  October  1983 


1-4  November  1983 


28  November  through 
9  December  1983 


6-10  February  1984 


27  February  through 
3  March  1984 


Site  visit  with  drilling  con¬ 
tractor  to  locate  geophysical 
survey  areas  and  ground  water  and 
methane  well  sites,  and  confirm 
schedule. 

Geophysical  investigations: 
Ground  penetrating  radar,  mag¬ 
netometer  and  resistivity  surveys. 

Drilling  rigs  on  site. 

Installation  of  19  monitor  wells 
in  Zones  1-4. 

Drilling  rigs  on  site.  Installa¬ 
tion  of  eight  monitor  wells  in 
Zones  5-8. 

Monitor  well  sampling.  Sampled 
ground  water  from  27  wells. 


30  April  to  3  May  1984 


11-17  June  1984 


31  July  1984 


27-31  August  1984 


Sampled  water  from  six  leachate 
seeps  and  surveyed  monitor  wells 
and  stream  elevations. 

Re- sampled  monitor  wells  for  TOC. 
Sampled  six  base  water  supply 
wells  for  TOC. 

Sampled  leachate  seeps  for  TOC  and 
VOA. 

Installed  four  methane  monitor 
wells  in  Landfills  8  and  10. 
Screened  air  quality  in  completed 
wells.  Installed  guard  posts  at 
groundwater  and  methane  monitor 
wells . 
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Table  3-1  (cont.) 


Zone  6 

Landfill  2  Install  one  monitor  well.  Sample 

well  for  pH,  specific  conductance, 
nitrate,  chloride,  sulfate,  boron, 
iron,  manganese,  sodium,  TOC,  TOX 
and  phenol.  Survey  well,  ground 
water  and  stream  elevations. 


Zone  7 

Landfill  9  Install  one  monitor  well.  Sample 

well  for  pH,  specific  conductance, 
nitrate,  chloride,  sulfate,  boron, 
iron,  manganese,  sodium,  TOC,  TOX 
and  phenol.  Survey  well  and 
ground  water  elevations. 


Zone  8 


Fire  Training  Area  2  Install  one  monitor  well.  Sample 

well  for  pH,  specific  conductance, 
oil  and  grease,  and  volatile 
organics.  Survey  well  and  ground 
water  elevations. 
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Zone  4 


POL  Spills  2  and  3 


Coal  Storage  Pile 


Chemical  Burial 
Site  1 


Zone  5 


Landfill  5 


Fire  Training  Area  1 


Table  3-1  (cont.) 


Install  two  monitor  wells.  Sample 
wells  for  pH,  specific 

conductance,  oil  and  grease,  and 
volatile  organics. 

Conduct  fixed  depth  resistivity 
survey  to  locate  possible  leachate 
plume.  Install  one  monitor  well. 

Sample  well  for  pH,  specific 
conductance,  nitrate,  chloride 
sulfate,  boron,  iron,  manganese 
sodium,  TOC,  TOX  and  phenol. 

Install  two  monitor  wells.  Sample 
wells  for  pH,  specific 

conductance,  nitrate,  chloride 
sulfate,  boron,  iron,  manganese, 
sodium,  TOC,  TOX  and  phenol. 

Survey  well  and  ground  water 

elevations  for  all  five  monitor 

wells. 


Install  four  monitor  wells. 
Sample  wells  for  pH,  specific 
conductance,  nitrate,  chloride 
sulfate,  boron,  iron,  manganese, 
sodium,  TOC,  TOX  and  phenol. 

Install  one  monitor  well.  Sample 
well  for  pH,  specific  conductance, 
oil  and  grease,  and  volatile 
organics. 

Survey  well  and  ground  water 
elevations  for  all  five  wells; 
survey  stream  and  lake  elevations. 


V  .N  , 


TABLE  3-1 


SUMMARY  OF  FIELD  PROGRAM 


Site 


Activity 


Zone  1 


Landfills  8  and  10  Perform  Ground  Penetrating  Radar 

and  Magnetometer  surveys  at  both 
landfills.  Install  five  monitor 
wells.  Sample  wells  for  pH,  speci¬ 
fic  conductance,  nitrate,  chlor¬ 
ide,  sulfate,  boron,  iron  manga¬ 
nese,  sodium,  TOC,  TOX,  and 
phenol.  Sample  six  leachate  seeps 
for  specific  conductance,  chlor¬ 
ide,  sulfate,  boron,  iron,  TOX, 
TOC,  VOA  and  phenol.  Survey  well 
and  ground  water  elevations. 
Install  four  methane  monitor 
wells,  two  in  each  landfill  and 
screen  air  quality  in  completed 
wel 1 s . 


Zone  2 

Landfills  11  and  12 


Fire  Training  Areas  3 
and  4,  and  POL  spill  1 


Zone  3 


Landfills  3,4,6  and  7 


Install  three  monitor  wells. 
Sample  wells  for  pH,  specific 
conductance,  nitrate,  chloride, 
sulfate,  boron,  iron  manganese, 
sodium,  TOC,  TOX,  and  phenol. 

Install  two  monitor  wells.  Sample 
wells  for  pH,  specific 

conductance,  oil  and  grease  and 
volatile  organics.  Survey  well 
and  ground  water  elevations  for 
all  five  wells;  survey  river  water 
level . 


Install  four  monitor  wells. 
Sample  wells  for  pH,  specific 
conductance,  nitrate,  chloride, 
sulfate,  boron,  iron,  manganese, 
sodium,  TOC,  TOX,  and  phenol. 
Survey  well,  ground  water  and 
stream  level  elevations. 
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HYDROGEOLOGIC  INVESTIGATION 


A  field  investigation  was  conducted  to  define  the  geologic 
and  hydrogeologic  setting  at  Wright-Patterson  AFB  and  to 
identify  the  presence  of  any  hazardous  environmental  contami¬ 
nants  that  may  have  resulted  from  past  product  storage  and 
handling  practices,  fire  training  activities,  and  waste  dis¬ 
posal  operations  at  the  Base.  Information  regarding  poten¬ 
tial  or  actual  impacts  of  the  15  sites  on  area  ground  water 
was  obtained  from  laboratory  analysis  of  samples  from  27  on¬ 
site  monitor  wells  installed  by  WESTON  and  six  landfill 
leachate  seeps.  During  the  well  drilling  a  limited  number 
of  samples  were  taken  of  the  unconsolidated  sediments  in  the 
unsaturated  and  saturated  zones  for  visual  examination.  The 
monitor  wells  also  provided  measuring  points  for  the 
determination  of  ground  water  flow  gradients  and  directions 
at  each  site.  Elevations  of  streams  near  the  sites  were 
measured  to  provide  additional  information  on  the 
interrelationship  between  ground  and  surface  water 
gradients.  Geophysical  investigations  were  conducted  at 
selected  sites  on  the  Base  using  Ground  Penetrating  Radar, 
Fixed-depth  Resistivity  and  Magnetometer  in  order  to  locate 
subsurface  trends  identifying  fill  and  leachate 
characteristics.  Four  methane  monitor  wells  were  installed 
in  Zone  1  and  screened  for  air  quality  inside  the  completed 
well.  The  field  program  is  summarized  according  to  Zones 
and  specific  sites  in  Table  3-1. 

3.2.1  Schedule  of  Activity 

The  hydrogeologic  investigation  at  Wright-Patterson  AFB 
started  with  the  geophysical  investigation  on  1  November 
1983  and  ended  with  the  completion  of  the  methane  monitor 
wells  on  31  August  1984.  Table  3-2  summarizes  WESTON'S 
field  activity  schedule  to  date  at  Wright-Patterson  AFB. 

3.2.2  Drilling  Program 

The  drilling  program  at  Wright-Patterson  AFB  specified  the 
installation  of  27  ground  water  monitor  wells  and  four  meth¬ 
ane  monitor  wells.  Drilling  and  installation  of  the 
ground-water  monitor  wells  and  methane  wells  was  conducted 
by  crews  of  Bowser-Mor ner  Testing  Laboratories,  Inc.,  and 
their  subcontractor,  Patterson  Well  Drilling  Company;  both 
of  Dayton,  Ohio.  Two  drilling  rigs  were  on  site  to  complete 
the  work;  a  truck-mounted  Mobil  Drill  Model  B-61  auger  rig, 
and  a  truck-mounted  Bucyrus  Erie  cable-tool  rig. 
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the  boundaries  of  Landfill  2  and  the  installation  and  sam¬ 
pling  of  one  downgradient  monitor  well.  One  round  of  sam¬ 
ples  from  this  well  would  be  analyzed  for  the  parameters 
shown  on  Table  1-2.  Elevations  of  the  monitor  well  and  ad¬ 
jacent  stream  would  be  measured  to  determine  ground-water 
flow  directions  and  gradients. 

3.1.7  Zone  7 

WESTON'S  Pre-Survey  Report  designated  Landfill  9  (Sandhill) 
as  Zone  7.  The  proposed  work  plan  for  this  site  recommended 
the  installation  and  sampling  of  one  monitor  well  downgradi¬ 
ent  of  the  landfill.  The  final  approved  Scope  of  Work  fol¬ 
lowed  these  recommendations:  install  one  downgradient  moni¬ 
tor  well,  survey  elevation  of  the  well,  measure  depth  to 
ground  water ,  and  conduct  one  round  of  sampling  for  the  para¬ 
meters  listed  on  Table  1-2. 

3.1.8  Zone  8 

WESTON'S  Pre-Survey  Report  identified  Zone  8  as  containing 
one  site.  Fire  Training  Area  2.  The  proposed  work  plan  for 
this  zone  involved  the  installation  and  sampling  of  one  moni¬ 
tor  well  to  identify  the  presence  of  subsurface  oil  residues 
from  activities  at  this  area.  The  final  approved  Scope  of 
Work  included  the  following:  examine  historic  air  photos  to 
identify  locations  of  the  site,  install  a  single  monitor 
well  downgradient  of  Fire  Training  Area  2;  survey  elevation 
and  depth  to  water  of  this  well;  collect  one  round  of  samp¬ 
les  from  the  well  and  analyze  for  the  parameters  listed  on 
Table  1-2, 

3.1.9  Analytical  Protocol 

The  analytical  protocol  summarized  in  Table  1-2  was  selected 
for  the  19  sites  addressed  in  this  Phase  II  study.  The  para¬ 
meters  chosen  are  specific  and  non-specific  indicators  of 
contamination . 

3.1.10  Formal  Scope  of  Work 

Task  Order  0022  formalized  the  proposed  work  and  is  included 
in  this  report  in  Appendix  B.  Task  Order  0022  provided  the 
basis  for  the  implementation  of  the  field  program  described 
in  the  following  sections. 


•  Survey  elevations  of  the  wells  and  measure  water 
levels  to  determine  ground-water  flow  directions 
and  gradients. 

•  Analyze  one  round  of  ground-water  samples  from  the 
wells  for  the  parameters  shown  on  Table  1-2 

3.1.5  Zone  5 

WESTON'S  Pre-Survey  Report  grouped  Landfill  5  and  Fire  Train¬ 
ing  Area  1  into  Zone  5.  WESTON 's  proposed  Work  Plan  includ¬ 
ed  a  resistivity  survey  of  Landfill  5,  water  level  measure¬ 
ments  in  nearby  Base  water  supply  wells,  collection  of  sur¬ 
face  water  samples,  and  installation  of  monitor  wells  sur¬ 
rounding  Landfill  5  and  adjacent  to  Fire  Training  Area  1. 

The  final  approved  Scope  of  Work  included  the  following 
tasks: 

•  Evaluate  historic  aerial  photos  of  the  sites  in 
Zone  5. 

•  Conduct  a  single  profile  resistivity  survey  to  eval¬ 
uate  boundaries  of  Landfill  5  and  effects  on  water 
quality  in  the  area.  Results  of  this  survey  will 
be  used  to  locate  monitor  wells  in  the  area. 

•  Install  a  total  of  five  monitor  wells,  four  wells 
located  surrounding  the  downgradient  sides  of  Land¬ 
fill  5  and  one  well  adjacent  to  Fire  Training  Area 

1. 

•  Survey  elevations  of  the  monitor  wells,  surface  wa¬ 
ter  bodies,  and  base  water  supply  wells  within  1/4 
mile  of  Landfill  5,  and  measure  water  levels  in  the 
wells  to  determine  ground-water  flow  direction  and 
gradients . 

•  Analyze  one  round  of  ground-water  samples  from  the 
wells  for  the  parameters  shown  on  Table  1-2. 

3.1.6  Zone  6 

WESTON'S  Pre-Survey  Report  identified  Zone  6  as  consisting 
of  Landfill  2.  The  proposed  work  plan  for  this  site  invol¬ 
ved  air  photo  analysis,  installation  of  one  downgradient 
well,  and  sampling  of  ground  water  and  stream  water.  The  fi¬ 
nal  approved  Scope  of  Work  included  air  photo  evaluation  of 
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3.1.3  Zone  3 

Zone  3,  as  described  by  the  WESTON  Pre-Survey  Report,  consis¬ 
ted  of  Landfill  3,  4,  6,  and  7.  WESTON 's  recommended  Work 
Plan  for  Zone  3  included  historic  aerial  photo  analysis,  in¬ 
stallation  of  monitor  wells  to  define  a  contcuninant  profile, 
and  analysis  of  ground  water  and  surface  stream  water  samp¬ 
les.  The  final  approved  Scope  of  Work  for  Zone  3  included 
the  following  tasks: 

•  Install  four  ground-water  monitor  wells  within  the 
zone  to  define  a  contaminant  profile.  Screen  the 
wells  at  a  minimum  depth  of  10  feet  below  the  sur¬ 
face  of  the  ground-water  table. 

•  Survey  elevations  of  the  wells  and  surface  water 
streams  and  measure  water  levels  to  determine 
ground  water  and  surface  water  flow  gradients. 

•  Analyze  one  round  of  ground-water  samples  from  the 
wells  for  the  parameters  shown  on  Table  1-2. 

3.1.4  Zone  4 

WESTON'S  Pre-Survey  Report  grouped  the  following  four  sites 
into  Zone  4: 

•  POL  Spill  Sites  2  and  3 

•  Coal  Storage  Pile 

•  Chemical  Burial  Site  1 

WESTON  recommended  a  work  plan  for  the  zone  to  include  an 
earth  resistivity  survey  adjacent  to  the  coal  pile  to  de¬ 
tect  acidic  leachate,  and  monitor  wells  downgradient  of  each 
site . 

The  final  approved  Work  Scope  for  Zone  4  included  the  follow¬ 
ing  tasks: 

•  Conduct  an  earth  resistivity  of  the  area  surround¬ 
ing  the  coal  pile. 

•  Install  a  total  of  five  monitor  wells,  one  within 
each  spill  area,  one  between  the  coal  pile  and  the 
Fairborne  Well  Field  and  one  downgradient  of  each 
Burial  Site. 
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•  Install  one  ground-water  monitor  well  upgradient  in 
Zone  1  and  four  wells  downgradient  of  the  land¬ 
fills.  Screen  the  wells  at  a  minimum  depth  of  10 
feet  below  the  surface  of  the  ground-water  table. 

•  Survey  elevations  of  the  wells  and  measure  water 
levels  to  determine  ground-water  flow  directions 
and  gradients. 

•  Sample  one  round  from  the  monitor  wells  for  anal¬ 
ysis  of  the  parameters  shown  on  Table  1-2. 

•  Install  four  methane  monitor  wells,  two  on  each 
landfill,  to  determine  if  gases  are  being  generated 
inside  the  landfills. 

3.1.2  Zone  2 

The  WESTON  Pre-Survey  Report  grouped  the  following  five 
sites  into  Zone  2: 

•  Landfill  11 

•  Landfill  12 

•  Fire  Training  Areas  3  and  4 

•  POL  Spill  Site  1. 

WESTON'S  recommended  work  plan  for  Zone  2  included  aerial 
photograph  evaluation,  resistivity  surveys,  monitor  well  in¬ 
stallation  and  ground  water  and  surface  water  (Mad  River) 
sampling.  The  final  approved  Scope  of  Work  included  the  fol¬ 
lowing  tasks  for  Zone  2; 

•  Conduct  a  fixed-depth  resistivity  survey  at  Land¬ 
fills  11  and  12  to  detect  the  presence  of  any  leach¬ 
ate  plumes  migrating  toward  the  Mad  River. 

•  Install  a  total  of  five  ground-water  monitor  wells, 
to  be  located  downgradient  of  each  of  the 
landfills  and  Fire  Training  areas,  and  in  the 
vicinity  of  the  Spill  Site. 

•  Survey  elevations  of  the  wells  and  measure  water 
levels  to  determine  ground-water  flow  directions 
and  gradients. 

•  Take  one  round  of  samples  from  the  wells  and  ana¬ 
lyze  for  the  parameters  shown  on  Table  1-2. 


FIGURE  3-2  LOCATION  OF  MONITOR  WELLS,  METHANE  GAS 

WELLS  AND  LEACHATE  SAMPLING  POINTS  IN  ZONE  1 
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FIGURE  3-3  WELL  CONSTRUCTION  SUMMARY:  WELLS  MW-1  THROUGH  MW-9 
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WELL  CONSTRUCTION  SUMMARY:  WELLS  MW-10  THROUGH  MW<18 
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FIGURE  3-5  WELL  CONSTRUCTION  SUMMARY:  WELLS  M W-1 9  THROUGH  M W-27 
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GW-1  was  drilled  in  Landfill  8  to  a  depth  of  25.5  feet  through 
fill  material  consisting  of  trash  (wood,  paper,  metal, 
concrete  rubble)  and  black  sandy  clay  with  a  tarry  smell.  The 
boring  ended  in  natural  silty  clay  loam  sediments.  GW-1  was 
screened  from  3.5'  to  23.5'  below  ground  surface.  GW-2  was 
drilled  in  Landfill  8  12.5'  below  ground  surface.  At  this 
point  the  water  table  was  encountered.  Cuttings  of  black 
clayey  fine  sand  were  observed  for  the  entire  length  of  the 
boring.  The  material  appeared  to  be  a  foundry  sand,  used  as 
fill  in  the  past.  This  gas  well  was  screened  from  2.5'  to 
12.5'  below  ground  surface. 

GW-3  was  drilled  in  Landfill  10  in  the  playground  area  west  of 
Weitzel  Way.  The  boring  encountered  trash,  including  metal, 
concrete  and  wire  as  well  as  dark  gray  sandy  fill  before 
reaching  the  water  table  surface  at  9.5  feet.  Total  depth  of 
the  well  was  12  feet;  the  well  was  screened  from  2  to  12  feet 
below  ground  surface.  GW-4  was  drilled  in  Landfill  10  in  the 
open  field  area  west  of  Buel  Court.  This  boring  encountered  a 
one-foot  sandy  clay  loam  cover  above  five  feet  of  sandy  fill 
mixed  with  pieces  of  wood,  wire,  concrete  rubble  and  rags. 
From  6  to  15  feet,  general  refuse,  primarily  compressed  paper, 
was  observed  in  the  drill  cuttings  and  split  spoon  samples.  A 
strong  "garbage"  odor  was  evident  as  the  cuttings  were  brought 
to  the  surface.  The  water  table  was  encountered  at  11  feet. 
Gas  Well  4  was  completed  to  a  total  depth  of  15  feet  and 
screened  from  5*  to  15'  below  ground  surface. 

The  annular  space  around  each  of  the  gas  monitor  wells  was 
packed  with  a  coarse  sand  from  total  depth  to  0.5'  to  1.5' 
above  the  top  of  the  screen.  A  one-foot  bentonite  pellet  seal 
was  placed  above  the  sand  pack,  and  the  remaining  hole  filled 
with  cement  grout.  Detailed  drilling  logs  and  well 
construction  logs  are  in  Appendix  D. 
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3. 2. 3. 2  Zone  2;  Landfills  11  and  12,  Fire  Training  Areas 
3  and  4,  POL  Spill  1 


A  total  of  five  monitor  wells  were  installed  in  Zone  2. 
Locations  of  the  wells,  numbered  MW-6  through  MW-10,  are 
shown  on  Figure  3-7.  MW-6  and  MW-7  are  located  downgradient 
of  Landfill  11,  between  the  edge  of  the  landfill  and  the  Mad 
River.  A  bulldozer  was  used  to  cut  access  roads  to  these 
two  well  sites,  and  the  Base  perimeter  fence  was  breached 
and  repaired  with  a  gate,  with  prior  Base  approval,  in  order 
to  gain  access  for  drilling.  MW-8  and  MW-9  are  located 
downgradient  of  Fire  Training  Areas  3  and  4,  respectively. 
MW-8  is  also  adjacent  to  POL  Spill  1.  MW-10  is  located  imme¬ 
diately  downgradient  of  Landfill  12. 

The  wells  range  in  depth  from  23  to  51  feet  below  land  sur¬ 
face.  Ground  water  was  encountered  in  the  wells  at  depths 
of  seven  to  20  feet.  The  wells  were  screened  in  fine  to 
medium  sand  and  gravel.  Ten- foot  lengths  of  screen  were 
used  in  wells  MW-6,  MW-7  and  MW-10.  Wells  MW-8  and  MW-9 
monitored  fire  training  areas  and  a  POL  spill  where  oil  and 
grease  were  suspected  contaminants.  These  compounds  float 
on  the  ground  water  surface.  In  order  to  collect  floating 
oily  compounds  in  a  monitor  well,  the  well  screen  must 
extend  above  the  surface  of  the  ground  water  table. 
Fifteen-foot  lengths  of  screen  were  used  in  wells  MW-8  and 
MW-9  to  bring  the  top  of  the  screen  two  to  three  feet  above 
the  ground  water  surface  and  allow  any  floating  oils  to 
enter  the  well.  All  of  the  wells  were  carefully  sealed  and 
grouted  to  ensure  against  vertical  infiltration  of  water, 
oil  and  leachate  from  the  landfills  and  fire  training  areas. 
A  complete  discussion  of  subsurface  conditions  in  Zone  2  is 
presented  in  Section  4.1.  Table  3-3  summarizes  the  well  con¬ 
struction  details  and  Figures  3-3  and  3-4  graphically  pres¬ 
ent  the  well  construction  details. 

3. 2. 3. 3  Zone  3:  Landfills  3,  4,  6  and  7 

Four  monitor  wells  were  installed  in  Zone  3.  Each  well  is 
located  close  to  a  downgradient  side  of  one  of  the  four 
landfills  in  this  zone.  The  selection  of  exact  positions 
for  the  wells  was  limited  by  accessibility  constraints  and 
Base  clearance  permits.  Locations  of  the  wells,  numbered 
MW-11  through  MW-14,  are  shown  on  Figure  3-8. 
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FIGURE  3-8  LOCATION  OF  MONITOR  WELLS  IN  ZONE  3 


MW-11  is  located  on  the  golf  course  at  the  edge  of  Novick 
Road,  between  Landfill  3  and  Hebble  Creek.  One  foot  of 
brick  and  rubble  fill  was  encountered  while  drilling  this 
well.  MW-12  is  located  in  a  grassy  triangle  formed  by  the 
intersection  of  Hebble  Creek  Road  and  Novick  Road,  between 
Landfill  4  and  Hebble  Creek.  MW-13  is  located  on  the  west 
side  of  Building  No.  894,  between  Landfill  6  and  Hebble 
Creek.  MW-14  is  located  near  the  western  edge  of  Landfill  7 
near  an  unnamed  tributary  of  Hebble  Creek.  The  zone  map  on 
Figure  3-7  shows  the  area  of  Landfill  7  as  interpreted  by 
the  Phase  I  contractor  from  historic  aerial  photographs. 
WESTON'S  review  of  historical  aerial  photographs,  available 
from  the  Miami  Valley  Regional  Planning  Commission,  could 
not  improve  upon  the  delineation  of  boundaries  within  this 
zone.  This  was  due  mainly  to  the  fact  that  landfilling 
predated  construction  of  many  building  and  road  landmarks. 
Field  reconnaissance  in  the  vicinity  of  Landfill  7  indicated 
that  the  location  selected  for  MW-14  was  outside  the 
boundary  of  Landfill  7.  No  fill  material  was  encountered 
during  drilling  at  the  location  of  MW-14,  bearing  out  the 
results  of  the  field  reconnaissance. 

The  monitor  wells  ranged  in  depth  from  27  to  50  feet  below 
land  surface.  Ground  water  was  encountered  at  depths  of 
from  seven  to  25  feet.  The  wells  were  screened  in  silty 
sands  and  gravel.  Ten-foot  screens  were  used  in  MW-11,  12 
and  13.  MW-14  contained  a  number  of  thin  sandy  clay  seams  in 
the  saturated  zone,  and  a  20-foot  length  of  screen  was  used 
to  complete  this  well  to  ensure  an  adequate  flow  of  water 
for  sampling  purposes.  Grouting  procedures  were  carefully 
monitored  to  ensure  a  competent  seal  that  would  prevent 
vertical  infiltration  of  surface  water  and  leachate  around 
the  casing.  A  complete  description  of  subsurface  conditions 
is  presented  in  Section  4.1.  Table  3-3  summarizes  the  well 
construction  details  and  Figure  3-4  graphically  presents  the 
well  construction  details. 


3. 2. 3. 4  Zone  4;  POL  Spills  2  and  3,  Coal  Storage  Pile  and 
Chemical  Burial  Site  1 


Five  wells,  numbered  MW-15  through  MW-19,  were  drilled  and 
completed  in  Zone  4.  Locations  of  the  wells  are  shown  on 
Figure  3-9.  MW-15  and  MW-16  are  located  downgradient  of  the 
fenced  fuel  storage  area  at  the  edge  of  the  airfield.  The 
monitor  wells  were  originally  proposed  within  the  fuel  stor¬ 
age  area,  but  fire  and  explosion  hazards  dictat  3  that  dril¬ 
ling  operations  be  removed  from  the  immediate  vicinity  of 
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FIGURE  3-9  LOCATION  OF  MONITOR  WELLS  IN  ZONE  4 
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the  fuel  handling  facility.  Since  the  Fairborn  wellfield  is 
no  longer  in  production,  there  was  no  reason  to  believe  that 
flow  at  the  Coal  Storage  Pile  would  be  induced  in  a 
southerly  direction.  An  alternate  location  was  selected 
immediately  adjacent  to  the  pile  to  monitor  for  radial  flow 
and  mounding  induced  by  infiltration  through  the  pile. 
MW-17  is  located  at  the  eastern  toe  of  the  coal  storage  pile 
in  an  area  stained  by  surface  runoff  from  the  coal  pile. 
MW-18  and  MW-19  are  located  near  the  two  approximate  areas 
of  chemical  burial,  collectively  called  Burial  Site  1. 

Historic  aerial  photographs  were  examined  for  surface  fea¬ 
tures  or  disturbed  ground  that  would  indicate  exact  loca¬ 
tions  of  these  burial  sites,  but  only  faint  indications 
could  be  seen.  After  walking  the  site,  the  wells  were  locat¬ 
ed  in  two  areas  with  sparser  vegetation  than  the  surrounding 
thick  grass.  Wells  in  Zone  4  ranged  from  16  to  40  feet  be¬ 
low  ground  surface.  Ground  water  was  encountered  at  depths 
from  seven  to  22  feet.  All  the  wells  except  MW-16  were 
screened  in  coarse  sands  and  gravels  using  10-foot  lengths 
of  screen.  MW-16  contained  silty  sand  with  traces  of  clay 
in  the  saturated  zone.  A  20-foot  length  of  screen  was  used 
in  this  well  to  ensure  an  adequate  water  supply  for  sam¬ 
pling.  The  screens  in  wells  MW-15  and  MW-16  were  installed 
two  to  three  feet  above  the  surface  of  the  water  table  in  or¬ 
der  to  capture  any  floating  oils  carried  by  the  ground 
water.  The  annular  spaces  were  sealed  and  grouted  carefully 
to  prevent  vertical  infiltration  of  surface  water  around  the 
casing.  A  complete  discussion  of  subsurface  conditions  in 
Zone  4  is  presented  in  Section  4.1.  Table  3-3  summarizes 
the  well  construction  details.  Graphic  diagrams  of  the  well 
construction  are  shown  in  Figures  3-4  and  3-5. 

3. 2. 3. 5  Zone  5;  Landfill  5  and  Fire  Training  Area  1 

Five  monitor  wells,  numbered  MW-20  through  MW-24  were  in¬ 
stalled  in  Zone  5.  Locations  of  the  wells  are  shown  on 
Figure  3-6.  Four  of  the  wells  are  located  at  the  edges  of 
Landfill  5,  a  currently  active  hilltop  dumping  area  in  use 
since  1945.  MW-20  and  21  are  located  next  to  Riverview  Road 
on  the  western  flank  of  Landfill  5,  between  the  landfill  and 
the  Mad  River,  which  is  approximately  1500  feet  away.  MW-22 
is  located  between  Landfill  5  and  the  Twin  Lakes,  old  gravel 
pits  now  filled  with  water.  MW-23  is  located  at  the  eastern 
corner  of  Landfill  5,  upgradient  from  a  marshy  area  that  re¬ 
ceives  runoff  from  the  landfill.  MW-24  is  located  near  Fire 
Training  Area  1.  This  Fire  Training  Area,  used  during  the 
period  1950-1955,  could  not  be  located  accurately  using  his¬ 
toric  aerial  photographs  back  as  far  as  1962.  Earlier 
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FIGURE  3-10  LOCATION  OF  MONITOR  WELLS  IN  ZONE  5 
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photos  were  not  available.  The  area  was  exeunined  visually 
and  the  project  team  spoke  with  the  Phase  I  Report  authors 
and  met  with  Base  Fire  Department  personnel  to  find  a  more 
accurate  location.  From  all  indications,  FT-1  was  in  the 
vicinity  of  the  mapped  circle,  but  no  exact  location  was 
found.  The  well  could  not  be  drilled  in  a  location  closer 
to  the  mapped  location  of  the  Fire  Training  Area,  due  to  the 
proximity  of  utilities,  and  utility  clearances  could  only  be 
obtained  after  moving  the  well  site  to  its  present  location 
approximately  400  feet  west  of  the  mapped  FT-1  location. 

Depths  of  the  wells  in  Zone  5  ranged  from  12.5  to  36  feet  be¬ 
low  ground  surface.  Ground  water  was  encountered  in  the 
wells  at  depths  from  six  to  25  feet.  All  five  of  the  wells 
were  screened  in  medium  sand  and  gravel  or  cobbles  using  10- 
foot  lengths  of  screen.  MW-24,  drilled  with  augers,  encoun¬ 
tered  large  cobbles  at  6.5  feet  and  ended  in  refusal  on  a 
boulder  at  12.5  feet.  The  boring  was  bailed  out  several 
times  with  the  augers  still  inside  the  hole  and  allowed  to 
recover  to  determine  rate  of  flow.  The  augers  filled  immedi¬ 
ately  each  time  to  within  three  feet  of  ground  surface.  An 
adequate  ground  water  flow  was  ensured  and  the  well  was  com¬ 
pleted  to  12.5  feet  below  ground  surface.  The  top  of  the 
screen  was  extended  one  foot  above  the  ground  water  table 
surface  to  capture  any  floating  oils.  Since  the  bentonite 
and  grout  seals  were  each  only  one  foot  thick,  special  care 
was  taken  when  installing  them  to  build  up  a  thick  cement 
mixture  around  the  base  of  the  casing  to  prevent  surface  wa¬ 
ter  infiltration.  A  discussion  of  subsurface  conditions  in 
Zone  5  is  presented  in  Section  4.1.  Table  3-3  summarizes 
well  construction  details;  Figure  3-5  graphically  presents 
those  construction  details. 

3.2. 3.6  Zone  6:  Landfill  2 


One  monitor  well  was  constructed  in  Zone  6.  MW-25,  shown  on 
Figure  3-11,  is  located  on  the  southwestern  edge  of  Landfill 
2  between  the  landfill  and  an  unnamed  creek  which  flows  into 
the  Mad  River.  MW-25  is  26  feet  deep.  Ground  water  was 
encountered  at  18.5  feet  and  rose  to  14  feet  after  drilling. 
The  well  is  screened  from  16  to  26  feet  in  medium  to  coarse 
sand  and  gravel  with  some  cobbles.  Grout  was  carefully 
emplaced  to  prevent  vertical  surface  infiltration  around  the 
casing.  A  discussion  of  the  sediments  encountered  in  MW-25 
is  found  in  Section  4.1.  Table  3-3  summarizes  the  well 
construction  details  and  Figure  3-5  contains  a  graphic 
diagram  of  the  well. 
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FIGURE  3-11  LOCATION  OF  MONITOR  WELL  IN  ZONE  6 


3. 2. 3. 7  Zone  7;  Landfill  9  (Sandhill) 


One  monitor  well,  MW-26,  was  installed  in  Zone  7.  Shown  on 
Figure  3-12,  the  well  is  located  in  a  field  downslope  of  the 
western  edge  of  Landfill  9.  MW-26  is  42  feet  deep.  Ground- 
water  was  encountered  at  32  feet  below  ground  surface,  and 
the  well  is  screened  from  32  to  42  feet  in  fine  to  coarse 
sand  and  gravel.  Grouting  was  carefully  accomplished  to  en¬ 
sure  a  competent  seal  and  prevent  vertical  surface  water  or 
leachate  infiltration  around  the  casing.  A  discussion  of 
the  sediments  encountered  in  MW-26  is  included  in  Section 
4.1.  Table  3-3  summarizes  well  construction  details  and  Fig¬ 
ure  3-5  contains  a  graphic  diagram  of  MW-26. 

3. 2. 3. 8  Zone  8:  Fire  Training  Area  2 

One  well  was  installed  in  Zone  8  between  the  location  of 
Fire  Training  Area  2  and  the  Mad  River.  Figure  3-7,  which 
is  also  the  map  of  Zone  2,  shows  the  location  of  MW-27.  No 
visible  surface  staining  or  disturbance  was  present  in  the 
mapped  area  for  Fire  Training  Area  2.  The  project  team  exam¬ 
ined  historical  aerial  photographs  and  spoke  with  Phase  I 
Report  authors  and  Base  Fire  Department  personnel  to  try  to 
identify  an  exact  location.  Well  MW-27  was  located  downgra- 
dient  of  FT-2  according  to  best  available  information.  The 
well  is  35  feet  deep  and  is  screened  in  clayey  sand  and  fine 
sand  from  10  to  35  feet.  Water  was  first  encountered  at  22 
feet  below  ground  surface.  A  25-foot  length  of  screen  was 
used  in  this  well  to  ensure  an  adequate  flow  of  water  from 
the  clayey  sediments  and  to  elevate  the  top  of  the  screen 
above  the  surface  of  the  water  table  to  encounter  any  float¬ 
ing  oils  on  the  ground  water  surface.  The  annulus  was  care¬ 
fully  sealed  and  grouted  to  prevent  vertical  surface  water 
infiltration  around  the  casing.  A  discussion  of  subsurface 
sediments  encountered  in  this  well  is  found  in  Section  4.1. 
Table  3-3  summarizes  well  construction  details  and  Figure  3- 
5  graphically  illustrates  those  details. 

3.2.4  FIELD  TESTING 


3 . 2 . 4 . 1  Ground-Water  Elevation  Survey 

The  tops  of  permanent  steel  casings  of  all  27  monitoring 
wells  were  surveyed  for  elevation  by  the  WESTON  field  team 
using  a  standard  optical  leveling  device.  The  purpose  of 
the  survey  was  to  establish  references  from  which  to  measure 
hydraulic  ground-water  elevations  in  order  to  determine 
gradients  and  dissection  of  flow.  Stream  and  pond 
elevations  were  also  measured  at  the  time  of  the  survey  to 
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establish  the  gradient  between  the  water  table  and  adjacent 
surface  water  bodies.  Elevations  were  determined  to  the 
nearest  0.01  foot  and  referenced  to  nearby  permanent 
benchmarks  which  were  located  from  Base  drawings.  A  summary 
of  all  water  level  and  reference  elevations  is  presented  in 
Table  3-4.  The  locations  of  monitoring  wells  are  shown  on 
Figures  3-7  through  3-12.  Surface  water  survey  points  are 
shown  on  Figures  4-3  through  4-6  in  the  following  Section  of 
this  report. 

3. 2. 4. 2  Water  Level  Mcsurements 


Three  complete  rounds  of  water  level  measurements  were  made 
in  the  27  monitoring  wells  during  the  periods  10  February,  1 
May  and  11-17  June  1984.  A  battery  operated  Soil  Test  Model 
DR-760-A  water  level  probe  was  used  and  measurements  were 
obtained  to  the  nearest  0.01  feet.  Table  3-4  contains  a 
summary  of  all  surveyed  elevations,  depth  to  water  measure¬ 
ments  and  ground-water  elevations. 

3. 2. 4. 3  Field  Testing  for  Water  Quality 

While  taking  ground-water  samples  for  laboratory  analyses 
during  the  week  of  27  February,  the  WESTON  field  team  also 
analyzed  grab  samples  from  each  well  for  temperature, 
specific  conductance  and  pH.  The  pH  was  measured  with  a 
Markson  Model-6  portable  pH  meter.  Temperature  and  specific 
conductance  was  measured  with  a  Markson  Model  36 
Conductivity  Meter.  The  results  of  these  tests  are 
presented  in  Table  3-5. 

3.2.5  Geophysical  Survey 

A  geophysical  field  investigation  of  Zone  1  (Landfills  8  and 
10)  was  conducted  by  WESTON  between  1  November  and  9 
December  1983  (see  Figure  1-4).  Geophysical  mapping  on  both 
landfills  provided  a  direct  comparison  of  results  obtained 
from  the  application  of  two  different  geophysical  sensing 
techniques;  (1)  Ground  Penetrating  Radar  (GPR)  and  (2) 
Magnetometry .  Appendix  E  contains  a  brief  discussion  of  the 
methods  and  techniques  used  during  the  geophysical  surveys. 
The  two  types  of  data  were  used  in  a  complimentary  fashion 
to  locate  disturbed  subsoils  and  buried  objects  suspected  to 
be  associated  with  waste  burial  sites.  Since  the  exact 
locations  of  the  chemical  trenches  and  acid  neutralization 
basins  suspected  to  be  buried  in  Zone  1  were  not  known,  the 
field  survey  was  conducted  in  grid  fashion.  Concurrently 
with  the  geophysical  field  investigation  conducted  at  Zone  1 
earth  resistivity  surveys  were  scheduled  to  be  conducted  at 


Depths  to  Water  in  Feet  Groundwater  Elevations 

Elev.  in  Feet  (MSL) 
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Table  3-5 

Summary  of  Field  Tested 
Water  Quality  Parameters 


Well  Location  Spec. 


Mumber 

Monitored 

ES 

Cond. 

“c 

(pH  units) 

( umhos/cm) 

(°C) 

1 

Upgradient  of  Landfill  8 

6.74 

688 

13 

2 

Landfill  8 

7.21 

602 

14 

3 

Landfill  8 

6.72 

621 

11 

4 

Landfill  10 

14 

5 

Liandfill  10 

8.80 

348 

13.5 

6 

Landfill  11 

6.91 

1025 

13 

7 

Landfill  11 

6.60 

1698 

12 

8 

Fire  Training  Area  3 

10 

9 

Fire  Training  Area  4 

6.53 

886 

10 

10 

Landfill  12 

6.98 

898 

12 

11 

Landfill  3 

6.75 

1088 

14 

12 

Landfill  4 

9.15 

1215 

13.5 

13 

Landfill  6 

6.53 

1056 

12 

14 

Landfill  7 

6.39 

1195 

11 

15 

Tank  Farm  (Tank  256) 

7.2 

1012 

10 

16 

Tank  Farm  (Tank  272) 

7.2 

1079 

11 

17 

Coal  Storage  Pile 

7.0 

1238 

10 

18 

Chemical  Burial  Area 

7.1 

1223 

11 

19 

Chemical  Burial  Area 

7.1 

1126 

10 

20 

Landfill  5 

6.70 

1390 

13 

21 

Landfill  5 

6.76 

1620 

13 

22 

Landfill  5 

6.81 

996 

16 

23 

Landfill  5 

6.83 

1272 

12 

24 

Fire  Training  Area  1 

6.85 

898 

10 

25 

Landfill  2 

12 

26 

Landfill  9  (Semd  Hill) 

7.  1 

973 

11 

27 

Fire  Training  Area  2 

6.97 

970 

12 
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the  Coal  Storage  Pile  (Zone  4)  and  at  Landfills  11  and  12 
(Zone  2).  A  fixed  depth  resistivity  survey  of  the  Coal  Stor¬ 
age  Pile  was  attempted  on  7  December  1983.  The  purpose  of 
this  survey  was  to  locate  regions  of  contrasting  electrical 
resistivities  in  the  subsoils  that  may  refect  sensitive 
boundary  conditions  of  acid  leachate  plume  migration  from 
the  Coal  Storage  Pile.  However,  after  multiple  attempts  to 
conduct  the  survey,  below  freezing  temperatures  (constantly 
draining  the  power  source  of  the  resistivity  meter),  and 
ground  frost  (inhibiting  penetration  of  ground  electrodes 
and  limiting  ground  contact)  the  resistivity  survey  was 
aborted.  Sin-  e  the  principle  reason  for  conducting  the  re¬ 
sistivity  su..vey  was  the  correct  selection  of  a  monitor  well 
site,  and  since  drilling  could  not  be  postponed  until  warm 
weather,  it  was  decided  not  to  pursue  the  resistivity  survey 
f  urther . 

3. 2. 5.1  Objectives  of  the  Geophysical  Survey 

The  purpose  of  the  geophysical  surveying  program  was  to  iden¬ 
tify,  insofar  as  possible  at  the  level  of  a  confirmation  sur¬ 
vey,  the  location,  depth  and  areal  extent  of  disturbed  areas 
and  buried  objects  that  may  be  associated  with  waste  depos¬ 
itories  in  the  immediate  subsurface  environment.  The  combi¬ 
nation  of  Magnetometer  and  GPR  response  signatures  indicated 
the  presence  of  a  variety  of  subsurface  anomalies  within 
Landfills  8  and  10. 

The  magnetic  data  were  used  to  provide  a  semi -quantitative 
measure  of  the  distribution  of  magnetic  anomalies  produced 
by  subsurface  metallic  sources.  The  GPR  provided  qualita¬ 
tive  information  characteristic  of  the  substructure  and  its 
components.  Utilizing  both  geophysical  techniques  in  an  in¬ 
tegrated  approach  allowed  a  rapid  convergence  of  information 
necessary  for  assessing  subsurface  conditions  within  the  two 
landfills.  A  correlation  between  data  acquired  by  these  two 
technique.^  is  reported  in  the  following  Sections. 

3.2. 5.2  Magnetometer  Survey 

Magnetometer  surveys  of  Landfills  8  and  10  were  conducted  on 
2  November  and  9  December  1983,  respectively.  A  comprehen¬ 
sive  magnetometer  survey  was  conducted  at  Landfill  8  utiliz¬ 
ing  a  25'  X  25'  survey  grid  (see  Figure  3-13).  Magnetometer 
readings  were  measured  at  twenty-five  foot  mode  spacings. 
Additional  readings  were  taken  outside  of  the  survey  grid  at 
random  locations  to  insure  complete  areal  coverage  of  the 
site. 


Unfavorable  surface  conditions  at  Landfill  10  (ponded  water, 
mud  swales)  were  not  conducive  to  conducting  the  survey  in 
grid  fashion.  Since  the  magnetometer  is  responsive  to  these 
types  of  conditions,  subsequently  biasing  the  results,  it 
was  necessary  to  avoid  these  areas.  This  was  accomplished 
by  conducting  a  "random  type"  survey.  Magnetic  readings 
were  measured  throughout  the  site  at  approximately  25'  to 
50'  intervals,  covering  the  portion  of  the  site  that  was 
accessable . 

Background  magnetic  signatures  were  established  at  selected 
locations  outside  the  survey  areas  where  similar  surface  con¬ 
ditions  existed.  Magnetic  signatures  were  measured  at  each 
grid  node  using  a  vertical  field  flux  gate  magnetometer. 
Results  of  these  measurements  were  compared  against  ambient 
background  signatures  and  magnetic  anomaly  maps  were  con¬ 
structed. 


3. 2. 5. 3  Ground  Penetrating  Radar  Surve\ 


The  Ground  Penetrating  Radar  (GPR)  Survey  of  Zone  1  (Land¬ 
fill  8  and  Landfill  10)  was  conducted  by  WESTON  on  1  and  2 
November  and  3  and  4  November  1983  respectively.  After  es¬ 
tablishing  the  survey  grid  the  next  step  was  to  calibrate 
the  GPR  system.  To  calibrate  the  system  either  the  dielec¬ 
tric  constant  (E  )  of  the  survey  medium,  or  the  depth  to  a 
particular  object  or  interface  must  be  known.  Calibration 
of  the  Radar  system  was  performed  at  Zone  1  using  a  two-step 
operation.  Initial  calibration  was  calculated  using  a 
dielectric  constant  (E  )  of  16,  based  upon  on-site  soil 
and  moisture  conditions  ^a  heterogeneous  mixture  of  moist 
clay,  sands,  and  gravel).  Next,  for  quality  assurance  pur¬ 
poses,  calibration  traverses  were  conducted  over  1.5  feet  di¬ 
ameter  culvert  buried  at  a  measured  depth  of  two  feet.  From 
this  calibration  procedure  a  vertical  depth  profile  scale  of 
1"  to  approximately  1.9'  was  constructed.  Subsequent  to  the 
system's  calibration,  survey  traverses  were  conducted  over 
the  landfills.  The  product  of  the  GPR  Survey  was  a  series 
of  real-time  subsurface  graphic  profiles.  To  standardize 
the  data,  identification  marks  were  fixed  on  the  profile  for 
each  traverse,  at  twenty-five  foot  intervals  and  grid  inter¬ 
sections.  Upon  completion  of  the  survey,  the  profiles  were 
transported  back  to  the  WESTON  lab  for  analysis  and  interpre¬ 
tation. 
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FIGURE  4-5  GROUNDWATER  SURFACE  MAP  OF  ZONE  4  (11-16  JUNE  1984  DATA) 


configuration.  From  the  map  it  can  be  seen  that  the  prin¬ 
cipal  flow  direction  within  the  Zone  is  toward  the  Mad 
River.  Hydraulic  gradients  are  generally  low,  with  the  maxi¬ 
mum  gradient  being  about  0.015.  The  borings  in  this  Zone  en¬ 
countered  highly  permeable  sands  and  gravels_having  an  esti¬ 
mated  hydraulic  conductivity  of  from  10  cm/sec  (10,000 
ft/yr)  to  10~  cm/sec  (100,000  ft/yr).  Porosity  of  these 
materials  is  estimated  at  30  percent.  Thus,  seepage  veloci¬ 
ties  in  the  range  of  from  500  to  5,000  feet  per  year  are  ex¬ 
pected  in  Zone  2.  This  means  that  any  contaminants  gener¬ 
ated  by  sites  within  Zone  2  will:  1)  be  subject  to  very 
large  dilution  factors,  due  to  the  large  volume  of  ground- 
water  flowing  beneath  the  Zone,  and  2)  will  be  transported 
very  rapidly  into  the  Mad  River  by  ground-water  discharge. 

4.2.3  Zone  3  -  Ground-Water  Flow  Conditions 

The  11  to  16  June  1984  ground-water  elevation  data  were  used 
to  contour  a  site  specific  water  table  map  for  Zone  3,  as 
shown  in  Figure  4-4.  In  contouring  this  map  it  was  assumed 
that  the  water  table  surface  is  continuous  with  surface 
water  elevations  surveyed  at  the  marked  measuring  points. 
Solid  contour  lines  indicate  adequate  data  control  between 
measuring  points,  while  dashed  contours  indicate  an  inferred 
configuration.  From  the  map  it  can  be  seen  that  the  princi¬ 
pal  flow  direction  within  the  Zone  is  northerly  across  the 
landfills  and  then  northwesterly  following  Hebble  Creek.  Hy¬ 
draulic  gradients  are  generally  low,  with  the  maximum  grad¬ 
ient  being  about  0.005.  The  borings  in  this  Zone  encoun¬ 
tered  highly  permeable  sands  and_gravels  having  an  estimated 
hydraulic  conductivity  from  10  cm/sec  (10,000  ft/year) 
to  10  cm/ sec  (100,000  ft/yr).  Porosity  of  these  mater¬ 
ials  is  estimated  at  30  percent.  Thus,  seepage  velocities 
in  the  range  of  from  170  to  1,700  feet  per  year  are  expected 
in  Zone  3.  This  means  that  any  contaminants  generated  by 
sites  within  Zone  3  will:  1)  be  subject  to  large  dilution 
factors,  due  to  the  large  volume  of  ground  water  flowing  be¬ 
neath  the  Zone,  and  2)  will  be  transmitted  fairly  rapidly 
(in  only  a  few  years)  beyond  the  limits  of  the  Zone  and  into 
the  regional  flow  system. 

4.2.4  Zone  4  -  Ground-Water  Flow  Conditions 

The  11  to  16  June  1984  ground-water  elevation  data  were  used 
to  contour  a  site  specific  water  table  map  for  Zone  4,  as 
shown  in  Figure  4-5.  Solid  contour  lines  indicate  adequate 
data  control  between  measuring  points,  while  dashed  contours 
indicate  an  inferred  configuration.  From  the  map  it  can  be 
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In  the  absence  of  aquifer  characteristics  testing  on  site 
specific  monitor  wells,  values  for  hydraulic  conductivity 
(K)  must  be  assumed  based  upon  sediment  grain-size  distribu¬ 
tions  in  the  well  screen  zones.  The  materials  penetrated  in 
this  zone  were  dominantly  very  rich  in  silty  and  clay,  al¬ 
though  some  lenses  of  fine  sands  were  encountered.  A  wide 
range  of  permeabilities  is  possible  in  this  zone.  Todd 

(1964)  and  Freeze  and  Cherry  (1979)  provide  data  relating 
grain-size  distribution  to  hydraulic  conductivity.  From 
those  references  a  reasonable  range  of  hydraulic  conductive 
ities  for  Zone_.l  is  represented  by  K  values  from  10~ 
cm/sec  to  10  cm/ sec.  In  more  convenient  units,  this 
ranges  is  from  approximately  one  to  100  feet  per  year. 
Assuming  an  average  porosity  (N^)  for  till  to  be  25  per¬ 
cent,  then  substitution  can  fc)e  made  of  this  value,  the  K  val¬ 
ues  and  the  gradient  values  (i)  noted  above  into  the 

equation  for  seepage  velocity.  In  this  way,  calculated  seep¬ 
age  velocities  for  Zone  1  range  from  less  than  one  foot  per 
year  to  about  80  feet  per  year.  In  the  vicinity  of  Landfill 
8,  where  high  gradients  are  combined  with  relatively  low  per¬ 
meability  materials,  seepage  velocities  can  be  expected  to 
be  in  the  lower  end  of  this  range.  In  the  vicinity  of 

Landfill  10,  where  high  gradients  are  combined  with  relative¬ 
ly  higher  permeabilities,  seepage  velocities  can  be  expected 
in  the  upper  end  of  this  range.  In  the  valley  fill  materi¬ 
als  between  the  sites,  lower  hydraulic  gradients  are  estimat¬ 
ed  on  Figure  4-2,  and  seepage  velocities  on  the  order  of  10 
feet  per  year  are  expected. 

4.2.2  Zone  2  -  Ground-Water  Flow  Conditions 

The  11  to  16  June  1984  ground-water  elevation  data  were  used 
to  contour  a  site  specific  water  table  map  for  Zone  2,  as 
shown  in  Figure  4-3.  In  contouring  this  map  it  was  assumed 
that  the  water  table  surface  is  continuous  with  surface  wa¬ 
ter  elevations  surveyed  at  the  marked  measuring  points. 
Solid  contour  lines  indicate  adequate  data  control  between 
measuring  points,  while  dashed  contours  indicate  an  inferred 
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FIGURE  4-2  GROUNDWATER  SURFACE  MAP  OF  ZONE  1  (11-16  JUNE  1984  DATA) 
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4.2  SITE  GROUND-WATER  CONDITIONS 


The  results  of  water  level  readings  from  the  27  newly  in¬ 
stalled  monitor  wells  in  eight  zones  at  WPAFB  indicate  that 
ground  water  occurs  under  generally  unconfined  or  water  ta¬ 
ble  conditions.  Depths  to  ground  water  ranged  from  less 
than  one  foot  to  over  30  feet,  and  averaged  approximately  13 
feet.  Water  level  data  for  the  27  wells  from  the  11  to  16t 
June  1984  round  of  measurements  (Table  3-4)  were  plotted  on 
a  map  of  WPAFB,  and  the  generalized  ground-wafer  surface  map 
shown  in  Figure  4-1  was  contoured  from  this  Table.  Zone  1 
in  Area  B  was  not  included  in  this  map  because  it  is  not  in 
the  valley-fill,  unconsolidated  aquifer.  It  can  be  seen 
that  the  regional  ground-water  flow  direction  over  most  of 
WPAFB  is  to  the  west-southwest  along  the  general  axis  of  the 
Miami  River  Valley.  Therefore,  most  ground  water,  flowing 
through  as  well  as  infiltrating  within  the  Base  boundaries, 
will  flow  in  the  general  direction  of  the  City  of  Dayton 
Rohrer's  Island  Wellfield. 

4.2.1  Zone  1  -  Ground-Water  Flow  Conditions 


The  11  to  16  June  1984  ground-water  elevation  data  were  used 
to  contour  a  site  specific  water  table  map  for  Zone  1,  shown 
in  Figure  4-2.  Due  to  the  fact  that  only  five  wells  were 
used  to  monitor  two  large  sites,  the  data  coverage  is  inad¬ 
equate  to  contour  an  accurate  map,  and  Figure  4-2  was 
contoured  using  assumptions  concerning  the  relationships 
among  water  table  configuration,  surface  topography  and 
surface  drainage.  Solid  contour  lines  indicate  adequate 
data  control,  while  dashed  contour  lines  indicate  inferred 
contours.  From  Figure  4-2  it  can  be  seen  that  principal 
flow  directions  follow  topography  toward  the  valley 
separating  the  two  sites,  and  then  turn  northward  toward  the 
main  part  of  the  Base.  As  shown  on  the  map,  ground-water 
flow  gradients  are  steep  toward  the  surface  drainageway 
separating  the  two  sites.  Water  table  gradients  as  high  as 
0.2  are  documented  by  monitor  Wells  MW- 2  and  MW- 3  for  the 
northeastern  side  of  Landfill  8,  with  lower  gradients  (0.1) 
associated  with  Landfill  10  and  much  lower  gradients 
associated  with  the  valley  between  the  landfills  (0.02). 


The  rate  at  which  ground  water  migrates,  or  the  seepage  ve¬ 
locity,  is  calculated  according  to  the  formula: 


SECTION  4 


RESULTS  OF  THE  FIELD  INVESTIGATION 


SITE  INTERPRETIVE  GEOLOGY 


A  detailed  review  of  available  geologic  data  obtained  during 
the  Records  Search  and  subsequent  on-site  data  generated  dur¬ 
ing  the  Phase  II  investigation  confirmed  that  WPAFB  is  under¬ 
lain  by  unconsolidated  sedimentary  deposits.  These  deposits 
tended  to  group  into  two  sediment  types,  a  gravelly  sand  con¬ 
sistent  with  the  interpretation  of  ice  contact  deposits,  and 
a  poorly  sorted  clayey,  silty  sand  consistent  with  the  inter¬ 
pretation  of  glacial  till  deposits.  The  sediment  types  pen¬ 
etrated,  as  documented  in  the  boring  logs  contained  in 
Appendix  D,  and  the  interpretation  of  their  genesis,  is  con¬ 
sistent  with  the  background  material  on  descriptive  geology 
presented  in  Section  2. 

The  unconsolidated  deposits  at  WPAFB  are  far  from  homoge¬ 
neous  layers  of  outwash  and  till  deposits?  rather,  the  depos¬ 
its  penetrated  in  the  upper  40  to  50  feet  of  the  subsurface 
during  Phase  II  drilling  tend  to  be  relatively  thin  units  of 
interf ingered  fine  and  coarse-grained  till  and  ice  contact 
deposits.  In  some  areas,  such  as  in  Zone  2  (MW-6)  and  Zone 
4  (MW-17),  the  very  fine-grained  till  and  clay  units  are  at 
or  very  near  ground  surface,  thereby  impeding  infiltration 
from  the  surface.  In  other  areas,  such  as  Zone  2  (MW-9  and 
MW-10)  and  Zone  5  (MW-20  and  MW-21),  the  coarse-grained  ice 
contact  deposits  are  at  or  very  near  the  surface,  thereby 
providing  a  direct  recharge  route  for  infiltration  from  the 
ground  surface.  In  Zone  1  (MW-3)  a  low  permeability  till 
zone  was  encountered  overlying  a  higher  permeability  sand 
and  gravel  layer,  and  water  rose  in  the  well  under  artesian 
pressure,  indicating  at  least  local  confined  conditions. 

From  the  foregoing  discussion  it  is  apparent  that  local 
ground-water  flow  patterns  are  likely  to  be  extremely  vari¬ 
able  and  complex.  However,  considering  the  unconsolidated 
deposits  as  a  whole,  these  materials  will  act  as  a  single  wa¬ 
ter  producing  aquifer,  and  complex  local  flow  patterns  will 
tend  to  be  lost  as  a  regional  scale  is  attained.  Thus,  any 
contaminants  entering  the  groundwater  flow  regime  from  sites 
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A  second  sampling  of  the  leachate  seeps  for  Total  Organic 
Carbon  (TOC)  and  Volatile  Organic  Compounds  (VOA)  was 
conducted  on  31  July  1984.  At  this  time,  it  was  observed 
that  two  of  the  seeps  on  Landfill  10,  L-4  and  L-5,  had  been 
repaired  by  the  WPAFB  Civil  Engineering  Department  after 
numerous  complaints  from  nearby  residents.  The  two  seeps 
had  been  dug  up  and  the  soil  replaced  with  stone  to  drain 
the  leachate  into  the  storm  water  system.  The  areas  were 
then  recovered  with  soil  and  seeded.  No  leachate  was 
present  at  the  ground  surface  in  these  two  locations. 

In  order  to  collect  samples  of  the  leachate  from  these 
seeps,  a  bailer  was  lowered  into  the  two  storm  water  catch 
basins  directly  downgradient  of  the  seeps,  and  a  sample  of 
the  drainage  was  collected. 

Each  of  the  six  seep  locations  (except  L-2  which  was  dry  at 
the  time  of  sampling)  was  sampled  separately  for  TOC. 
Composite  samples  for  each  of  the  two  landfills  were 
analyzed  for  volatile  organic  compounds. 

3.2.7  Methane  Gas  Well  Monitoring 

The  purpose  of  the  methane  gas  well  monitoring  program  was 
to  determine  if  gases  were  being  generated  inside  Landfills 
8  and  10.  Prior  to  drilling  these  wells,  an  area  of  gas 
seeps  in  the  soil  surface  was  discovered  on  Landfill  8, 
north  of  the  tennis  courts.  The  four  gas  monitor  wells  were 
drilled  through  the  landfills  in  order  to  monitor  any  gas 
generation  on  other  portions  of  the  landfills.  Installation 
of  the  wells  was  completed  on  28  August  1984. 

After  completion,  each  well  was  monitored  using  three 
detector  instruments;  a  MSA  Combustible  Gas  Alarm,  a  Century 
Organic  Vapor  Analyzer,  and  a  MSA  Samplair  pump  with 
detector  tubes  for  hydrogen  sulfide.  Results  of  this 
monitoring  are  discussed  in  Section  4.7. 


Table  3-6 

Description  of  Leachate  Seep  Sample  Locations  in  Zone  1 


Seep  Number  Vicinity 


L-1 


L-2 


L-3 


L-4 


Landfill  8 


Landfill  8 


Landfill  8 


Landfill  10 


Location  and  Description 


East  of  Landfill  8,  on  stream  bank  at 
base  of  landfill  slope,  oily  and  iron- 
stained. 


East  of  Landfill  8,  next  to  stream 
northeast  of  L-1,  oily. 


In  side  yard  of  home,  13  Longstreet 
Lane;  iron-stained,  seeping  through 
concrete  retaining  wall. 


In  small  tree  grove  west  of  Weitzel 
Lane;  large  seep,  oily,  iron-stained 


L-5  Landfill  10  In  back  yard  of  house  number  201/203 

Buel  Court;  oily,  iron-stained,  very 
strong  odor. 


L-6  Landfill  10  Stormwater  drainage  culvert  near 

intersection  of  Shields  and  Kauffman 
Sts. ,  iron-stained. 


3.2.6  Water  Quality  Sampling 

Between  27  February  and  4  March  1984  a  complete  round  of 
ground-water  samples  was  taken  from  the  27  monitor  wells  in¬ 
stalled  at  Wright-Pattemn  AFB.  In  addition,  liquid  sam¬ 
ples  were  collected  on  3  May  1984  at  each  of  six  leachate 
seeps  occurring  at  Landfills  8  and  10  in  Zone  1.  Samples 
from  each  well  and  seep  were  packaged  and  preserved  accord¬ 
ing  to  analyses  required  at  each  sampling  location  and  out¬ 
lined  in  Section  3.1 

3. 2. 6.1  Ground-Water  Sampling 

The  purpose  of  the  ground-water  quality  sampling  program  was 
to  identify,  insofar  as  possible  at  the  level  of  a  confirma¬ 
tion  study,  the  location,  concentration  and  areal  extent  of 
any  contamination  present  in  the  hydrogeologic  environment. 
From  this  information  it  would  be  possible  to  deduce  the  gen¬ 
eral  direction  in  which  these  contaminants  are  migrating  and 
their  probable  origin.  To  achieve  these  goals  efficiently, 
specific  field  procedures  were  followed  for  purging  the 
wells,  collecting  the  samples,  and  ensuring  field  quality 
control.  These  procedures  have  been  used  to  obtain  a  single 
complete  set  of  representative  samples  for  chemical  analysis 
from  the  monitoring  wells.  The  sampling  and  quality  assur¬ 
ance  plans  used  to  accomplish  these  goals  are  contained  in 
Appendix  F.  Sample  chain-of-custody  documentation  is  con¬ 
tained  in  Appendix  G.  Standard  laboratory  analysis  proto¬ 
cols  used  in  the  analysis  of  these  samples  are  contained  in 
Appendix  H. 

3. 2. 6. 2  Leachate  Seep  Sampling 

The  scope  of  work  for  Zone  1  included  the  collection  of  liq¬ 
uid  from  six  leachate  seeps  on  or  near  Landfills  8  and  10. 
During  monitor  well  sampling  in  February  and  March,  1984, 
these  two  landfills  were  visually  scanned  for  seeps  but  no 
active  seeps  were  observed  due  to  the  cold  weather.  As  the 
season  progressed,  a  number  of  seeps  began  to  appear  on 
these  landfills  and  were  flowing  heavily  during  April  and 
May.  The  leachate  seep  sampling  was  conducted  3  May  1984, 
following  a  period  of  heavy  rainfall.  Three  seeps  in  the 
vicinity  of  each  of  the  two  landfills  were  sampled  by  using 
a  shovel  to  dig  into  the  seep,  allowing  the  sediment  to 
settle,  and  then  placing  collection  bottles  directly  under 
the  flow.  Locations  of  the  seeps  are  shown  on  Figure  3-2, 
and  descriptions  of  the  locations  are  found  on  Table  3-6. 
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3.2. 5.4  Geophysical  Survey  Analysis 


Prior  to  tabulating  and  contouring  the  magnetic  data,  cer¬ 
tain  correction  factors  had  to  be  applied.  The  (diurnal) 
daily  variation  of  the  earth’s  magnetic  field  had  to  be  tak¬ 
en  into  account  in  reducing  data  taken  with  the  field 
magnetometer.  A  diurnal  variation  curve  and  subsequently  a 
correction  factor  was  established  for  Zone  1  by  returning  to 
a  pre-determined  base  station  adjacent  to  Building  822  and 
taking  readings  at  fixed  intervals  throughout  the  survey  pe¬ 
riod.  By  plotting  the  reading  at  the  base  station  against 
time,  it  was  possible  to  construct  a  variation  curve  for 
each  day ' s  work . 

WESTON  used  a  Radian  CPS-1  computer  graphic  contour  plotting 
system  to  construct  the  contour  solutions  for  the  node  loca¬ 
tions  surveyed.  After  the  reduced  magnetic  readings  were 
computer  plotted  and  contoured  on  base  maps  of  the 
landfills,  a  qualitative  examination  of  the  contour  map  was 
performed,  and  structural  trends,  discontinuities,  and 
magnetic  deviations  were  noted. 

Analysis  of  GPR  survey  data  involved  the  interpretation  of 
each  profile  individually  and  then  collective  comparison  of 
the  results.  The  interpretation  process  had  two  objectives; 

•  Apply  specific  knowledge  of  known  signature  densi¬ 
ties  and  configurations  to  the  identification  of 
pipes,  drums,  trenches,  soil  structures,  discontinui¬ 
ties  and  surface  disturbances. 

•  Identify  trends  and  conditions  by  comparing  stan¬ 
dard  profiles  one  to  another.  This  process  identi¬ 
fied  soil  interfaces,  buried  utilities  and  ground- 
water  data. 

The  GPR  profiles  produced  as  a  result  of  this  survey  exhibit¬ 
ed  good  resolution,  defining  variations  in  soil  characteris¬ 
tics  and  pinpointing  individual  targets  beneath  the  land¬ 
fills.  Upon  incorporating  the  results  from  both  surveys  it 
was  then  possible  to  confirm  or  discount  previously  suspect 
anomalies.  However,  it  must  be  kept  in  mind  that,  as  with 
most  remote  sensing  devices,  certain  data  ambiguities  do 
arise  through  a  variety  of  mechanisms  (e.g.  structural 
interference,  magnetic  storms)  which  are  beyond  the  control 
of  the  survey  techniques.  Raw  data  from  the  GPR  surveys  are 
contained  in  Appendix  E. 


seen  that  the  regional  flow  direction  is  interrupted  by 
mounding  of  ground  water  beneath  the  Coal  Storage  Pile. 
This  mounding  induces  a  southerly,  off-Base  component  of 
flow.  Hydraulic  gradients  are  generally  low,  with  the  maxi¬ 
mum  gradient  being  about  0.004. 

The  borings  in  this  Zone  encountered  highly  permeable  sands 
and  gravels  having  an  estimated  hydraulic  conductivity  of 
from  10  cm/ sec  (10,000  ft/yr)  to  10~  cm/sec  (100,000 
ft/yr).  Porosity  of  these  materials  is  estimated  at  30 
percent.  Thus,  seepage  velocities  in  the  range  of  from  130 
to  1,300  feet  per  year  are  expected  in  Zone  4.  This  means 
that  any  contaminants  generated  by  sites  within  Zone  4  will: 
1)  be  subject  to  large  dilution  factors,  due  to  the  large 
volume  of  ground-water  flowing  beneath  the  Zone,  2)  will 
flow  away  from  the  site  boundaries  within  a  few  years,  and 
3)  have  the  potential  to  migrate  in  a  southerly  direction 
from  the  coal  pile,  in  an  off-Base  direction,  and  cross  the 
Base  boundary  within  only  two  or  three  years  of  introduction 
into  the  ground  water. 

Well  10  in  the  adjacent  Fairborn  Well  Field  was  shutdown 
reportedly  due  to  chromimum  contamination.  It  has  been 
confirmed  that  Well  10  was  shutdown,  but  the  cause  of  the 
shutdown  has  not  been  confirmed.  Other  wells  in  this  field 
were  contaminated  with  jet  fuel  prior  to  inactivation. 

4.2.5  Zone  5  -  Ground-Water  Flow  Conditions 

The  11  to  16  June  1984  ground-water  elevation  data  were  used 
to  contour  a  site  specific  water  table  map  for  Zone  5,  as 
shown  in  Figure  4-6.  In  contouring  this  map  it  was  assumed 
that  the  water  table  surface  is  continuous  with  surface  wa¬ 
ter  elevations  surveyed  at  the  marked  measuring  points. 
From  the  map  it  can  be  seen  that  the  principal  flow  direc¬ 
tion  within  the  Zone  is  westerly  toward  the  Mad  River.  A 
measured  elevation  of  792.4  feet  MSL  for  the  static  water 
level  in  Base  Well  F  on  Marl  Road  confirms  the  westerly 
flow  direction.  The  static  water  level  in  this  Base  supply 
well  is  six  feet  above  that  of  the  closest  monitor  well 
(MW-23)  installed  approximately  2000  feet  away  on  the 
eastern  side  of  Landfill  5. 

Hydraulic  gradients  are  generally  low,  although  steep  gradi¬ 
ents  are  encountered  between  the  Twin  Lakes  and  Hebble 
Creek.  Gradients  in  the  principal  flow  direction  were  low, 
with  the  dominant  gradient  being  approximately  0.005.  The 


Seal*  In  Fm< 


borings  in  this  Zone  encountered  highly  permeable  sands  and 
gravels  having  an  estimated  hydraulic. conductivity  of  from 
10~  cm/ sec  (10,000  ft/yr)  to  lO”  cm/ sec  (100,000 
ft/yr).  Porosity  of  these  materials  is  estimated  at  30  per¬ 
cent.  Thus,  seepage  velocities  in  the  range  of  from  170  to 
1,700  feet  per  year  are  expected  in  Zone  5.  This  means  that 
any  contaminants  generated  by  sites  within  Zone  5  will;  1) 
be  subject  to  large  dilution  factors,  due  to  the  large  vol¬ 
ume  of  ground-water  flowing  beneath  the  Zone,  and  2)  will  be 
transported  fairly  rapidly  in  the  direction  of  the  Mad 
River . 

4.2.6  Zone  6  -  Ground-Water  Flow  Conditions 

Only  one  monitor  well  was  installed  in  this  Zone,  so  no  wa¬ 
ter  table  map  could  be  contoured.  The  Zone  lies  in  close 
proximity  to  the  western  boundary  of  the  Base.  From  Figure 
4-1,  any  contaminants  generated  by  the  landfill  would  enter 
the  regional  flow  system  and  migrate  to  the  west-southwest 
in  an  off-Base  direction.  The  general  regional  gradient  for 
the  Base  is  low,  between  0.001  and  0.002.  Using  the  esti¬ 
mated  hydraulic  conductivity  range  of  from  10,000  ft/yr  to 
100,000  ft/yr,  the  estimated  regional  seepage  velocity  is  in 
the  range  of  from  33  ft/yr  to  670  ft/yr.  Mounding  of  ground 
water  from  the  landfill  would  increase  the  local  gradient 
and  would  increase  the  site-specific  seepage  velocity. 
Therefore,  any  contaminants  entering  the  ground  water  in 
this  Zone  have  the  potential  for  migrating  across  the  Base 
boundary  within  a  short  time. 

4.2.7  Zone  7  -  Ground-Water  Flow  Conditions 

Only  one  monitor  well  was  installed  in  this  Zone,  so  no  wa¬ 
ter  table  map  could  be  contoured.  The  Zone  lies  in  close 
proximity  to  the  eastern  boundary  of  the  Base.  From  Figure 
4-1,  any  contaminants  generated  by  the  landfill  would  enter 
the  regional  flow  system  and  migrate  to  the  west-southwest 
in  an  on-Base  direction.  The  general  regional  gradient  for 
the  Base  is  low,  between  0.001  and  0.002.  Using  the  estimat¬ 
ed  hydraulic  conductivity  range  of  from  10,000  ft/yr  to 
100,000  ft/yr,  the  estimated  regional  seepage  velocity  is  in 
the  range  of  from  33  ft/yr  to  670  ft/yr.  Mounding  of  ground 
water  from  the  landfill  would  increase  the  local  gradient 
and  would  increase  the  site-specific  seepage  velocity.  Most 
contaminants  which  might  enter  the  ground-water  flow  system 


would  migrate  in  an  on-Base  direction,  unless  local  mounding 
occurs  beneath  the  landfill.  In  this  event,  there  would  be 
a  potential  for  fairly  rapid  migration  for  short  distances 
in  an  off-Base  direction  before  the  regional  gradient  would 
reverse  this  flow  trend  back  toward  on-Base. 

4.2.8  Zone  8  -  Ground-Water  Flow  Conditions 

This  site  is  in  close  proximity  to  Zone  2,  and  the  reader 
should  refer  to  Section  4.2.2  for  a  discussion  of  ground- 
water  flow  conditions  in  Zone  8. 


4.3  RESULTS  OF  THE  GEOPHYSICAL  INVESTIGATION 

The  magnetometer  and  Ground  Penetrating  Radar  (GPR)  surveys 
produce  results  which  require  individual  interpretations. 
The  interpretations  of  the  data  are  enhanced  by  comparing 
the  results  of  each  method.  The  inherent  limitations  of  any 
single  technique  of  remote  sensing  can  be  lessened  by  cross- 
referencing  two  or  more  geophysical  techniques.  The  follow¬ 
ing  subsections  describe  the  results  of  the  geophysical 
survey . 

4.3.1  Landfill  8  -  Geophysical  Investigation 

Figure  4-7  shows  the  magnetic  anomaly  contour  map  of 
Landfill  8  developed  from  the  vertical  magnetic  intensities 
obtained  in  the  field.  Magnetic  highs  and  lows  in  the  con¬ 
tour  gradient  are  evident  over  a  large  portion  of  the  site. 

Magnetic  relief  observed  over  a  sedimentary  basin  area  is 
generally  controlled  by  lithology.  However,  since  there  is 
little  variation  in  lithology  over  the  site  area,  these 
steep  gradients  and  high  relief  in  the  magnetic  contours  are 
characteristic  of  local  magnetic  force  fields  generated  by 
subsurface  magnetic  sources.  Examples  of  these  high  relief 
contours  are  evident  within  the  basketball  court  extending 
approximately  100  feet  due  east,  on  the  southwest  side  of 
the  tennis  court,  and  in  the  area  extending  approximately 
250  feet  east  and  northeast  of  the  restricted  area 
immediately  adjacent  to  the  access  road. 
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FIGURE  4-7  LANDFILL  8  •  MAGNETIC  ANOMALY  MAP 


Figure  4-8  represents  an  interpretive  subsurface  plot  map  of 
Landfill  8,  depicting  the  various  subsurface  phenomena 
encountered  by  the  GPR.  Individual  targets  were  prioritized 
as  either  high  or  low  depending  upon  the  density  and 
geometric  configuration  of  the  profile  signature.  These 
highly  suspect  targets  are  plotted  on  Figure  4-8.  The  raw 
data  from  which  this  figure  was  constructed  are  contained  in 
Appendix  E. 

High  priority  targets  were  extremely  good  signal  reflectors 
exhibiting  a  dense,  parabolic  signature.  This  type  of  signa¬ 
ture  is  characteristic  of  rounded  objects  such  as  pipes, 
boulders,  or  drums.  In  contrast,  the  signatures  produced  by 
the  low  priority  targets  were  characteristically  less  dense 
and  more  variable  in  geometric  configuration.  Occasionally 
this  signature  difference  is  a  result  of  the  orientation  of 
the  buried  object  with  respect  to  the  antenna  traverse,  (ie: 
a  buried  drum  in  a  vertical  plane  with  the  ground  surface, 
typically  exhibits  a  hyperbolic  signature). 

Figure  4-8  also  shows  areas  of  disturbed  subsoil  and  suspect¬ 
ed  trench  locations.  The  plots  of  these  phenomena  were  lo¬ 
cated  as  a  result  of  collective  interpretations  of  the  GPR. 
The  combination  of  the  magnetometer  and  GPR  data  indicate  a 
high  probability  for  the  presence  of  buried  drums  in  several 
trenches  and  pits  within  Landfill  8. 

4.3.2  Landfill  10  -  Geophysical  Investigation 

Figure  4-9  represents  the  magnetic  anomaly  contour  map  of 
Landfill  10  generated  from  the  magnetic  intensities  measured 
in  the  field.  Contrasting  magnetic  highs  and  lows,  similar 
to  those  detected  at  Landfill  8,  exist  throughout  portions 
of  the  site.  Examples  of  these  high  magnetic  contour  gradi¬ 
ents  are  evident  within  the  following  areas:  1)  approximate¬ 
ly  northwest  and  northeast  of  the  basketball  court;  2)  the 
cul-de-sac  west  of  the  Buel  Court  extending  northwest  across 
the  site  to  the  "Scrap  Metal  Area";  3)  approximately  120 
feet  east  of  the  Scrap  Metal  Area  extending  approximately 
200  feet  north;  and  4  )  across  the  northern  edge  of  the  area 
investigated. 
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FIGURE  4-8  LANDFILL  8  -  INTERPRETIVE  MAP  OF 
SUBSURFACE  CONDITIONS  BASED  ON 
GROUND  PENETRATING  RADAR  DATA 
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FIGURE  4-9  LANDFILL  10- 

MAGNETIC  ANOMALY  MAP 


Figure  4-10  depicts  an  interpretive  subsurface  GPR  plot  map 
of  Landfill  10.  To  standardize  the  interpretation,  subsur¬ 
face  phenomena  encountered  were  identified  based  on  the  same 
criteria  discussed  in  Section  4.3.1.  High  priority,  drum¬ 
like  targets  were  detected  along  several  of  the  transects. 
The  raw  data  supporting  this  Figure  are  contained  in  Ap¬ 
pendix  E. 

4.3.3  Summary  of  Geophysical  Findings 

When  the  magnetic  anomaly  maps  are  superimposed  upon  the  GPR 
plot  maps,  similar  subsurface  trends  are  reflected.  Most  of 
the  suspect  trench  and  the  disturbed  soil  areas  are  charac¬ 
terized  by  magnetically  high  contours.  Individual  targets 
are  represented  by  varying  magnetic  contours  and  can  only  be 
located  with  some  degree  of  confidence  from  the  GPR  plot 
maps . 

A  field  inspection  at  Landfill  8  confirmed  surficial  fea¬ 
tures  associated  with  the  geophysical  results.  Symmetrical 
swales,  or  areas  of  differential  settlement,  were  located  in 
the  area  east  and  northeast  of  the  restricted  gas  seep  area, 
possibly  the  surficial  expressions  of  former  chemical  trench¬ 
es.  The  southwest  gradient  of  the  tennis  court  is  presently 
undergoing  subsidence  and  surface  cracking  as  a  result  of  a 
subsurface  cavity.  Surficial  depressions  within  the  basket¬ 
ball  court  exhibited  high  magnetic  contour  gradients.  In 
general,  varying  degrees  of  disturbed  subsoils  and  individ¬ 
ual  targets  were  located  underlying  the  tennis  and  basket¬ 
ball  courts  and  extending  approximately  100  feet  east,  and 
in  the  restricted  gas  seep  area  extending  approximately  250 
feet  east  and  northeast. 

At  Landfill  10  it  is  suspected  that  the  high  magnetic  con¬ 
tour  gradient  and  individual  targets  are  local  features  of  a 
broader  fill  depository  extending  beyond  the  survey  area. 
Drum-like  targets  were  found  along  several  GPR  transects, 
and  a  suspected  chemical  disposal  trench  was  detected.  The 
magnetometer  data,  because  it  encompasses  a  larger  site 
area,  is  felt  to  be  more  definitive  than  the  GPR  data  in 
indicating  those  areas  in  which  drums  may  be  buried. 
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RADAR  DATA 


TABLE  4-5 

INSTRUMENTS  USED  FOR  AIR  QUALITY  SCREENING 
INSIDE  METHANE  MONITORING  WELLS 


MSA  PORTABLE  COMBUSTIBLE  GAS  ALARM,  MODEL  100 


The  combustible  gas  meter  determines  the  level  of  organic 
vapors  and  gases  present  in  an  atmosphere  as  a  percentage  of 
the  lower  explosive  limit  (%  LED  by  measuring  the  change  in 
electrical  resistance  in  a  Wheatstone  Bridge  circuit.  The 
LEL  is  the  lowest  concentration  of  a  gas  or  vapor  in  air,  by 
volume,  that  will  explode  or  burn  when  there  is  an  ignition 
source.  The  alarm  system  can  be  set  to  activate  when  a 
specified  LEL  percentage  is  exceeded. 

CENTURY  PORTABLE  ORGANIC  VAPOR  ANALYZER,  MODEL  OVA- 12 8 

The  Organic  Vapor  Analyzer  (OVA)  utilizes  a  flame  ionization 
detector  which  is  sensitive  to  the  presence  of  organic 
vapors  delivered  to  it  by  means  of  a  small  diaphragm  air 
pump.  When  an  organic  vapor  is  exposed  to  the  hydrogen 
flame  via  the  air  flow,  the  molecules  ionize  and  a  current 
is  carried  between  the  detector  electrodes.  This  current  is 
then  amplified  and  displayed  by  the  meter.  The  meter 
response  of  the  OVA  is  expressed  relative  to  a  standard 
(methane).  Readings  are  in  parts  per  million  (ppm). 

MSA  SAMPLAIR  PUMP,  MODEL  A,  WITH  MSA  HYDROGEN  SULFIDE 
DETECTOR  TUBES  CALIBRATED  FOR  THE  10-2000  PPM  RANGE 

The  tubes  used  during  this  screening  carried  an  expiration 
date  of  November  1984.  This  detector  tube  provides  a 
quantitative  method  for  estimating  the  concentration  of 
hydrogen  sulfide  in  air.  Indication  is  based  on  the 
reaction  of  hydrogen  sulfide  with  silver  cyanide.  Readings 
are  in  parts  per  million  (ppm). 
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the  Drinking  Water  Standard  of  0.05  mg/1.  MW-25  contained 
26  mg/1  of  sodium.  Total  organic  carbon  (TOC)  was  found  at 
3.3  mg/1.  No  phenols  or  TOX  (total  organic  halogen)  were 
detected  in  MW-25.  TOC  and  TOX  are  ground-water  quality 
indicator  parameters.  Their  significance  is  discussed  in 
Section  4.6. 

4.4.7  Zone  7  -  Ground-Water  Quality 

Zone  7  contains  one  site,  Landfill  9  (Sandhill),  and  one 
well,  MW-26,  to  monitor  that  site.  Results  of  the  ground- 
water  quality  analysis  of  this  well  are  shown  on  Tables  4-1 
and  4-2.  Nitrate  was  detected  at  0.3  mg/1 ,  below  the 
Primary  Drinking  Water  Standard  of  10  mg/1.  MW-26  contained 
105  mg/1  or  sulfate,  an  amount  below  the  Drinking  Water 
Standard  of  250  mg/1.  No  boron,  iron  or  manganese  was  de¬ 
tected  in  this  well.  Sodium  was  found  at  a  concentration  of 
14  mg/1.  No  phenol  or  TOX  was  detected  in  MW-26.  TOC  was 
found  at  3.4  mg/1.  TOC  and  TOX  are  water  quality  indicator 
parameters.  Their  significance  is  discussed  in  Section  4.6. 

4.4.8  Zone  8  -  Ground-Water  Quality 

Zone  8  contains  one  Phase  II  site.  Fire  Training  Area  2. 
Well  MW-27  was  installed  to  detect  any  residual  oils  from 
the  past  operations  at  the  site.  Oil  and  grease  was  found 
in  MW-27  at  a  level  of  0.71  mg/1 .  This  level  is  higher  than 
the  taste  and  odor  threshold  of  0.01  mg/1  for  oil  and 
grease.  No  volatile  organic  compounds  (VOA)  were  detected 
in  ground  water  from  MW-27. 

4 .5  RESULTS  OF  THE  METHANE  GAS  WELL  AIR  QUALITY 
SCREENING 

After  installation  of  the  four  methane  gas  wells  in 
Landfills  8  and  10,  the  air  quality  within  the  completed 
well  casings  was  monitored  using  three  screening 
instruments:  an  MSA  Combustible  Gas  Alarm,  Model  100;  a 
Century  Organic  Vapor  Analyzer,  Model  OVA-128;  and  a  MSA 
Samplair  Pump,  Model  A,  with  MSA  Hydrogen  Sulfide  Detector 
Tubes.  A  brief  discussion  on  the  operation  of  these 
instruments  is  presented  in  Table  4-5. 


0.60  to  1.25  mg/1,  all  above  the  Secondary  Drinking  Water 
Standard  of  0.3  mg/1  for  iron.  Manganese  concentrations 
ranged  from  0.016  to  1.89  mg/1  in  Wells  MW-20,  MW-21  and 
MW-23.  All  were  above  the  Drinking  Water  Standard  of  0.05 
mg/1 .  Sodium  was  detected  at  levels  of  11  to  19  mg/1  in  all 
four  wells.  Low  concentrations  of  phenol  were  found  in 
MW-20  and  MW-21,  at  0.014  and  0.011  mg/1.  These  levels  are 
below  the  taste  and  odor  threshold  of  0.3  mg/1  for  phenol. 
TOC  concentrations  in  the  wells  ranged  from  2.7  to  12.1 
mg/1.  No  TOX  was  found  in  MW-23.  TOX  levels  of  5.4  and  6.8 
ug/1  were  found  in  MW-22  and  MW-20,  respectively.  Well 
MW-21  contained  94  ug/1  of  TOX.  TOC  and  TOX  are  general 
indicator  parameters  of  ground-water  quality.  Their 
significance  is  discussed  in  Section  4.6. 

Well  MW-24,  also  in  Zone  5,  was  located  downgradient  of  Fire 
Training  Area  1  to  intercept  any  residual  oils  in  the  ground 
water  from  this  past  operation.  Oil  and  grease  was  found  at 
a  level  of  0.21  mg/1  in  this  well,  an  amount  which  is  higher 
than  the  taste  and  odor  threshold  of  0.01  mg/1.  Nitrate  was 
not  found  in  MW-24.  Chloride  and  sulfate  were  detected  at 
54  and  65  mg/1,  respectively.  These  levels  are  below  the 
Secondary  Drinking  Water  Standards  for  chloride  and  sulfate 
which  are  both  250  mg/1 .  Boron,  iron  and  manganese  were  not 
found  in  this  well.  Sodium  was  detected  at  9.0  mg/1. 
Phenol  was  found  at  0.02  mg/1,  a  level  below  the  taste  and 
odor  threshold  of  0.3  mg/1.  TOC  was  detected  at  3.0  mg/1, 
but  no  TOX  or  volatile  organic  compounds  (VOA)  were  detected 
in  MW-24. 

4.4.6  Zone  6  -  Ground-Water  Quality 

Zone  6  contains  one  site.  Landfill  2,  and  one  well  to  moni¬ 
tor  that  site,  MW-25.  The  results  of  the  ground-water 
quality  analyses  from  this  well  are  shown  on  Tables  4-land 
4-2.  Nitrate  was  not  detected  in  this  well.  Chloride  and 
sulfate  were  found  in  MW-25  at  levels  of  78  and  75  mg/1,  re¬ 
spectively.  These  levels  are  below  the  Drinking  Water  Stand¬ 
ards  of  250  mg/1  for  both  chloride  and  sulfate.  No  boron 
was  detected  in  this  well.  Iron  was  found  at  a  level  of 
0.15  mg/1,  below  the  Drinking  Water  Standard  of  0.3  mg/1. 
Manganese  was  detected  at  0.06  mg/1  in  MW-25,  slightly  above 
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No  VOA  compounds  were  detected  in  MW-15;  however,  MW-16  con¬ 
tained  1.0  ug/1  of  1,3  dichlorobenzene,  2.0  ug/1  of  ethyl¬ 
benzene,  4.0  ug/1  of  toluene  and  10.0  ug/l  of  1,4-dichloro¬ 
benzene. 

MW-17  was  located  near  the  long  term  coal  storage  pile  to  in¬ 
tercept  any  leachate  generated  off  the  pile.  Ground  water 
from  MW-17  contained  85  mg/1  of  chloride  and  114  mg/1  of  sul¬ 
fate.  The  National  Secondary  Drinking  Water  Standard  for 
both  chloride  and  sulfate  is  250  mg/1.  Nitrate  was  detected 
at  2.20mg/l  in  this  well  ,  below  the  Primary  Drinking  Water 
Standard  of  10  mg/1  for  nitrate.  No  boron,  iron  or  manga¬ 
nese  were  found  in  MW-17.  Sodium  was  detected  at  35  mg/1  in 
the  well.  Phenol,  TOC  and  TOX  were  not  found  in  MW-17.  TOC 
and  TOX  are  general  indicators  of  ground-water  quality. 
Their  significance  is  discussed  in  Section  4.6. 

Wells  MW-18  and  MW-19  monitor  Burial  Sites  1,  where  gasoline 
tank  bottoms  were  buried.  These  wells  contained  71  to  75 
mg/1  of  chloride  and  134  to  150  mg/1  of  sulfate.  These  lev¬ 
els  are  below  the  National  Secondary  Drinking  Water  Standard 
for  chloride  and  sulfate  which  are  both  250  mg/1.  Nitrate 
was  detected  at  levels  of  1.8  and  1.82  in  these  wells.  The 
Drinking  Water  Standard  for  nitrate  is  10  mg/1.  No  boron, 
iron  or  manganese  was  found  in  these  wells.  Sodium  was 
found  at  levels  of  28  to  31  mg/1.  No  phenol,  TOC  or  TOX  was 
detected  in  MW-19.  TOX  was  found  at  5.2  mg/1  in  MW-18. 

4.4.5  Zone  5  -  Ground-Water  Quality 

Results  of  the  ground-water  quality  analyses  for  Wells  MW-20 
through  MW-24,  all  located  in  Zone  5,  are  presented  on 
Tables  4-1  and  4-2.  Wells  MW-20  through  MW-23  are  located 
adjacent  to  Landfill  5  to  intercept  downgradient  ground- 
water  flow.  These  four  wells  contained  65.5  to  108.5  mg/1 
of  chloride,  all  below  the  Secondary  Drinking  Water  Standard 
of  250  mg/1.  Sulfate  was  found  in  Well  MW-22,  at  65  mg/1, 
but  the  other  three  wells,  MW-20,  MW-21  and  MW-23,  contained 
sulfate  levels  of  210  to  260  mg/1,  approaching  and  slightly 
above  the  Drinking  Water  Standard  of  250  mg/1.  Nitrate  was 
not  detected  in  any  of  these  wells.  Boron  was  found  in  only 
one  well,  MW-21,  at  0.17  mg/1.  Iron  was  detected  in  three  of 
the  wells,  MW-21,  MW-22  and  MW-23,  at  levels  ranging  from 
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Wells  MW-8  and  MW-9  were  analyzed  for  oil  and  grease  and 
Volatile  Organic  Compounds.  These  two  wells  were  found  to 
contain  1.05  and  0.55  mg/1  of  oil  and  grease  respectively. 
The  taste  and  odor  threshold  for  oil  and  grease  is  0.01 
mg/1 .  No  volatile  organic  compounds  were  detected  in  the 
ground  water  from  MW-8  and  MW-9. 

4.4.3  Zone  3  -  Ground-Water  Quality 

The  results  of  the  ground-water  quality  analyses  for  Wells 
MW-11  through  MW-14,  located  in  Zone  3,  are  shown  on  Tables 
4-1  and  4-2.  The  four  wells  in  this  zone,  MW-11,  12,  13  and 
14,  are  located  downgradient  of  Landfills  3,  4,  6  and  7,  re¬ 
spectively.  Nitrate  was  detected  in  Wells  MW-11  and  MW-12 
at  levels  of  2.05  and  0.14  mg/1,  respectively.  Chloride  was 
found  in  all  four  wells  at  levels  ranging  from  113.5  to  250 
mg/1.  The  Secondary  Drinking  Water  Standard  for  chloride  is 
250  mg/1.  Sulfate  was  detected  at  concentrations  of  52.1  to 
79.4  mg/1,  all  below  the  Drinking  Water  Standard  of  250 
mg/1 .  Boron  was  detected  in  Wells  13  and  14  at  0.14  to  0.27 
mg/1.  Iron  was  found  at  concentrations  of  19  and  9.5  mg/1  in 
Wells  13  and  14.  Levels  of  sodium  ranged  from  30  to  90  mg/1 
in  all  four  wells.  Phenols  were  not  found  in  any  of  the 
wells. 

TOC  concentrations  ranged  from  3.2  to  6.4  mg/1  in  Wells  12, 
13  and  14.  TOX  was  found  at  levels  of  7  to  65  ug/1 ,  also  in 
Wells  12,  13  and  14.  No  TOC  or  TOX  were  detected  in  MW-11. 
TOC  and  TOX  are  general  ground-water  quality  indicator  param¬ 
eters.  Their  significance  is  discussed  in  Section  4.6. 


4.4.4  Zone  4  -  Ground-Water  Quality 


Ground-water  quality  analyses  for  Wells  MW-15  through  MW-19, 
located  in  Zone  4,  are  shown  in  Tables  4-1  and  4-2.  MW-15 
and  MW-16  are  located  downgradient  of  the  POL  Fuel  Storage 
Tank  Farm.  They  were  placed  to  intercept  residual  oil  that 
may  have  seeped  into  the  ground  water  after  two  spills  oc¬ 
curred  in  the  Tank  Farm  Area.  Water  from  the  wells  was  an¬ 
alyzed  for  oil  and  grease  and  volatile  organic  compounds 
(VOA).  Oil  and  grease  was  found  at  levels  of  0.24  and  1.03 
mg/1  in  MW-15  and  MW-16,  respectively.  The  taste  and  odor 
threshold  for  oil  and  grease  is  0.01  mg/1. 
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TABLE  4-4 


Sununary  of  Groundwater  Analyses  for 
USEPA  Priority  Pollutant  VGA  Compounds 
(Methods  601  and  602) 


Analyte 

Detection  Limit 

MW- 8 

MW- 9 

MW- 15 

.MW- 16 

MW-24 

MW-27 

Benzene 

1.0 

<1.0 

<1.0 

<  1.0 

<1.0 

<1.0 

<1.0 

Bromodichlorome thane 

1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

<1.0 

Bromoform 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Bromomethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Carbon  Tetrachloride 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Chlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

Chlorodibromome thane 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

Chloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-Chloroethyl  vinyl  ether 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Chloro form 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Choromethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,2-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1, 3-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 , 4-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

10.0 

<1.0 

<1,0 

Dichlorodifluorome thane 

1.0 

<1.0 

<1.0 

<1,0 

<1,0 

<1.0 

<1.0 

1 , 1-Dichloroe thane 

1.0 

<1.0 

<1,0 

<1,0 

<1,0 

<1.0 

<1.0 

1, 2-Dichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1, 1-Dichloroethene 

1.0 

<1.0 

<1.0 

A 

o 

<1.0 

<10 

<1.0 

trans-l, 2-Dichloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 , 2-Dichloropropane 

1.0 

<1.0 

<1,0 

<1.0 

<1.0 

<1.0 

<1.0 

cis-1, 3-Dichloropropene 

1.0 

<1.0 

<1,0 

<1.0 

<1.0 

<1.0 

<1.0 

trans-l, 3-Dichloropropene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1,0 

Ethylbenzene 

1.0 

<1.0 

<1.0 

<1.0 

2.0 

<1,0 

<1.0 

FI uo rot richlorome thane 

1.0 

<1.0 

n.o 

<1.0 

<1.0 

<1.0 

<1.0 

Methylene  Chloride 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

1,1,2, 2-Tetrachloroethane 

1.0 

<1.0 

<1,0 

<1,0 

<1,0 

<1.0 

<1.0 

Tetrachloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,1, 1-Tr ichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,1, 2-Trichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

Trichloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Toluene 

1.0 

<1.0 

<1.0 

<1.0 

4,0 

<1.0 

<1.0 

Vinyl  Chloride 

1.0 

<1.0. 

<1,0 

<1,0 

<1.0 

<1.0 

<1.0 

*Concentrations  are  in  ug/1. 
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400  ug/1  of  TOX  respectively.  The  TOC  levels  in  these  seeps 
were  24.8,  1780.0  and  352.0  mg/1,  respectively.  The  Land¬ 
fill  10  leachate  composite  sample  for  volatile  organic  com¬ 
pounds  contained  940  ug/1  of  acetone,  940  ug/1  of  2-butanone 
(methylethyl  ketone),  40  ug/1  of  4-methyl-2-pentanone 
(methyl  isobutyl  ketone)  and  10  ug/1  of  toluene.  Toluene  is 
on  the  U.S.  Environmental  Protection  Agency's  list  of  Prior¬ 
ity  Pollutants.  The  ambient  water  criterion  for  toluene  is 
14.3  ug/1.  Acetone,  methylethyl  ketone  and  methyl  isobutyl 
ketone  are  not  listed  on  the  EPA  Priority  Pollutant  List; 
however,  these  compounds  are  industrial  chemicals  with  es¬ 
tablished  acute  toxicity  data  in  high  concentrations  (over 
1000  mg/kg  body  weight).  None  of  the  ketones  has  been  shown 
to  have  a  high  degree  of  chronic  toxicity  (Sax,  N.  Irving: 
1979).  The  significance  of  TOX  as  a  general  indicator  para¬ 
meter  will  be  discussed  in  Section  4.6. 

4.4.2  Zone  2  -  Ground-Water  Quality 

The  results  of  the  ground-water  quality  analyses  for  wells 
MW-6  through  MW-10,  located  in  Zone  2,  are  shown  on  Tables 
4-1  and  4-4.  MW-6  and  MW-7  are  located  downgradient  of 
Landfill  11.  MW-10  is  downgradient  of  Landfill  12.  Nitrate 
was  detected  in  MW-7  at  0.82  mg/1.  This  value  is  below  the 
Primary  Drinking  Water  Standard  of  10  mg/1 .  Chloride  was  de¬ 
tected  in  all  three  of  these  wells  at  concentrations  from 
64.5  to  115  mg/1.  Sulfate  was  also  found  in  all  three  wells 
at  67.3  to  73.3  mg/1,  These  levels  are  below  the  Secondary 
Drinking  Water  Standards  for  chloride  and  sulfate,  which  are 
both  250  mg/1.  No  boron  vjas  detected  in  these  three  wells. 
Iron  was  found  in  wells  MW-6  and  MW-10  at  0.34  and  0.45 
mg/1,  levels  which  are  slightly  above  the  Secondary  Drinking 
Water  Standard  for  iron  of  0.3  mg/1.  Manganese  was  detected 
in  all  three  wells  at  levels  from  0.02  to  0.40  mg/1 .  Only 
MW-7,  at  0.40  mg/1 ,  was  in  excess  of  the  Secondary  Drinking 
Water  Standard  of  0.05  mg/1  for  manganese.  Sodium  was  found 
in  all  three  wells  at  concentrations  of  24  to  27  mg/1. 
Total  organic  carbon  (TOC)  was  found  in  MW-10  at  1.2  mg/1 . 
TOC  is  a  general  indicator  parameter  and  is  not  referenced 
to  a  specific  standard.  Phenols  and  TOX  (total  organic 
halogen)  were  not  detected  in  Wells  6,  7  and  10.  The  signif¬ 
icance  of  the  general  indicator  parameters  TOC  and  TOX  is 
discussed  in  Section  4.6. 
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TABLE  4-3 


Summary  of  Leachate  Analyses 
for  Volatile  Organic  Compounds 


Landfill  8,  Leachate  Seep  Composite 


Acetone 


25  ug/1 


Landfill  10^  Leachate  Seep  Composite 


Acetone 


940  ug/1 


2-Butanone  940  ug/1 

(methylethyl  ketone) 


4-Methyl-  2-Pentanone  40  ug/1 

(methyl  isobutyl  ketone) 


Toluene 


10  ug/1 


Locations  and  numbers  of  the  seeps  are  shown  on  Figure  3-2, 
and  physical  descriptions  of  each  seep  are  presented  in 
Table  3-6.  A  summary  of  the  leachate  analyses  is  found  in 
Tables  4-2  and  4-3. 

Leachate  seeps  L-1,  L-2  and  L-3  occurred  downgradient  of 
Landfill  8.  Specific  conductivity  measurements  on  these 
seeps  found  levels  of  660  to  1760  umhos/cm  in  the  liquid 
leachate. 

The  seeps  contained  chloride  levels  of  11.8  to  50.2  mg/1, 
values  which  are  below  the  Secondary  Drinking  Water  Standard 
of  250  mg/1.  Sulfate  was  found  in  L-3  at  44  mg/1  and  in  L-1 
and  L-2  at  550  and  340  mg/1,  respectively.  The  concentra¬ 
tions  in  L-1  and  L-2  are  above  the  Secondary  Drinking  Water 
Standard  of  250  mg/1  for  sulfate.  Boron  concentrations  of 
0.56  and  0.77  mg/1  were  detected  in  L-1  and  L-2.  Iron  was 
found  in  all  three  seeps  at  concentrations  of  1.54  to  125 
mg/1.  These  levels  are  well  in  excess  of  the  Secondary 
Drinking  Water  Standard  of  0.3  mg/1  for  iron.  Phenols  were 
not  found  in  leachate  from  the  three  seeps  downgradient  of 
Landfill  8.  Total  organic  halogen  (TOX)  was  detected  in  the 
three  Landfill  8  seeps  at  levels  of  12  to  45  ug/1.  Total 
organic  carbon  (TOC)  was  detected  in  the  two  sampled 
Landfill  8  seeps  at  levels  of  14.1  and  2.33  mg/1,  The 
Landfill  8  leachate  composite  sample  for  volatile  organic 
compounds  contained  24  ug/1  of  acetone.  The  significance  of 
TOC  and  TOX  as  general  indicator  parameters  is  discussed  in 
Section  4.6, 

Leachate  seeps  L-4,  L-5  and  L-6  occurred  downgradient  of 
Landfill  10.  Specific  conductivity  measurements  on  these 
seeps  detected  levels  of  1880  to  12,100  umhos/cm  in  the  liq¬ 
uid  leachate.  The  seeps  contained  chloride  levels  of  118.5 
to  1030  mg/1.  L-5,  at  1030  mg/1,  was  well  above  the 
Secondary  Drinking  Water  Standard  for  chloride  of  250  mg/1. 
Sulfate  was  found  in  the  seeps  at  levels  ranging  from  44  to 
90  mg/1,  all  below  the  Secondary  Drinking  Water  Standard  for 
sulfate  of  250  mg/1.  Boron  was  found  at  levels  of  0.61  mg/1 
in  L-4,  5.71  mg/1  in  L-5  and  0.69  mg/1  in  L-6.  Iron  concen¬ 
trations  ranged  from  56  to  694  mg/1,  well  above  the 
Secondary  Drinking  Water  Standard  of  0.3  mg/1.  Phenols 
were  detected  in  all  three  Landfill  10  seeps  at  levels  of 
0.159  to  2.06  mg/1.  The  taste  and  odor  threshold  for  phenol 
is  0.3  mg/1.  TOX  (total  organic  halogen)  levels  in  the 
Landfill  10  seeps  were  much  higher  than  those  in  the 
Landfill  8  seeps.  L-4,  L-5  and  L-6  contained  940,  900  and 
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indicates  not  required  by  the  Task  Order 


Detection  Limit 


Landfill  12 


4.4  rtATER  QUALITY  ANALYSES 

4.4.1  Zone  1  -  Ground-Water  and  Leachate  Quality 

The  results  of  the  ground-water  quality  analyses  for  wells 
MW-1  through  MW-5,  located  in  Zone  1,  are  presented  in  Table 
4-1.  MW-1  is  located  upgradient  of  Landfill  8  and  can, 
therefore,  be  considered  a  background  well  for  Landfill  8. 
However,  MW-1  may  be  influenced  by  other  upgradient  contami¬ 
nant  sources.  MW-2  and  MW-3  are  located  downgradient  of 
Landfill  8,  and  MW-4  and  MW-5  are  located  downgradient  of 
Landfill  10. 

Nitrate  was  not  detected  in  any  of  the  wells  in  Zone  1. 
Chloride  was  found  in  all  five  of  the  wells  at  concentra¬ 
tions  ranging  from  8.6  to  41.2  mg/1,  all  below  the  Secondary 
Drinking  Water  Standard  of  250  mg/1.  Sulfate  was  found  in 
all  the  wells  except  MW-3  at  concentrations  ranging  from 
15.3  to  104  mg/1 .  These  levels  are  below  the  Secondary 
Drinking  Water  Standard  of  250  mg/1, 

Boron,  a  leachate  indicator  parameter,  was  found  in  MW-1, 
MW-2  and  MW-3  at  low  levels  from  0.11  to  0.25  mg/1.  There 
are  no  water  quality  standards  regulating  boron  in  drinking 
water.  Manganese  was  detected  in  wells  MW-3  and  MW-4  at  con¬ 
centrations  of  0.11  and  0.12  mg/l ,  in  excess  of  the 
Secondary  Drinking  Water  Standard  of  0.05  mg/l.  Iron  was 
not  detected  in  samples  from  any  of  the  wells.  Sodium  was 
found  in  all  five  wells  at  levels  ranging  from  10  to  27 
mg/l . 

Phenols  were  detected  in  MW-1  at  0.011  mg/l,  which  is  below 
the  taste  and  odor  threshold  of  0.3  mg/l.  TOC  (total  organ¬ 
ic  carbon)  concentrations  were  found  in  MW-2  and  MW-4  at  3.9 
and  7,9  mg/l.  TOC  is  a  general  “water  quality  indicator  and 
is  not  referenced  to  a  specific  standard.  Total  organic 
halogen  (TOX)  was  not  detected  in  the  Zone  1  monitor  wells. 
The  significance  of  TOC  and  TOX  as  general  indicator  param¬ 
eters  is  discussed  in  Section  4-6. 

In  addition  to  ground-water  sampling  in  Zone  1,  liquid  from 
six  leachate  seeps  was  also  sampled  and  analyzed.  Three 
seeps  on  each  landfill  (Landfills  8  and  10)  were  sampled  for 
chloride,  sulfate,  specific  conductance,  boron,  iron, 
phenol,  total  organic  carbon  (TOC)  and  total  organic  halogen 
(TOX).  A  separate  composite  of  leachate  from  each  landfill 
was  collected  for  volatile  organic  compounds  analysis. 


4-20 


acn 

6  CM 

(0  ffi 
cn  03 
s:  oj 
<  +J  X! 
W  -H  3 
2  S  Eh 


CO 

I  )H  <N 
JH  O  -H 

o  a  I 

(tj  Jh 

>,>  <u  ^ 

U  N  g 

3  u  >1  a 
4J  -H  -H  a 
C  C  (0 

(1)  <0  c 

u  Cr'< 


o  o  o 
o  o  o 
o  o  o 


O  1^  o 
CM  I  O 
fH  O  O 
O  iH 
A 


o  o  o 
CO  o  o 

iH  O  O 


^3 

XI 

03 

4-1 

H 

3 

03  03 

w 

03  H 

s 

«  H 

V£) 

C5 

03 

1 

2 

C 

H 

•H  03 

6 

Eh 

C  03 
03  4J 
03  0) 

m 

H 

)H  '-H 

< 

g 

u  a 

Eh 

o 

CO  g 

2 

0 

W 

>iU 

4-1 

2 

■H  03 

< 

H  'CJ 

2 

03  -H 

Eh 

3  03 

W 

O  C 

2 

H 

I 

4-1  o 
03  O 
!3  iH 
X!  03  1 
e  03  s  ix 

o  o  w 

u  e  XI 

03  U 

rij  <H  fO  OfJ 

s  5  < 


03  Eh  (U 

o  g  s: 

-P  03  S  U 

■H  U  o  c 

C  (0  rH  -H 
O  iH  03  ^ 
2  (X  £33 


'O*  in  CO 

I-H  CM  ro 


r-(  (M 
r-l  CM 


I-H  CM  rr 
rH  CM 


<H  CM 
I— I  CM 


CM  CO 
rH  CM  'n 


H  CM  'T 
H  CM 


•  • 

03 

..U 

0) 

rH 

N 

4-1 

rH 

•iH 

-H  S 

•H 

SC 

03 

s 

2® 

T3 

C 

of 

nd 

of 

CT5 

03  , 

rH 

4-1 

r-H  -X 

Tl 

03  >1 

n 

0 

03  03 

o  ^ 

0 

oS 

s 

2 

m 

"rr 

1 

1 

>1000 


Results  of  the  air  quality  screening  inside  the  completed 
gas  monitor  wells  are  shown  on  Table  4-6.  Hydrogen  sulfide 
screening  in  the  four  wells  did  not  cause  any  reaction  in 
the  detector  tubes  used,  indicating  that  levels  of  this  gas, 
if  present  at  all,  were  below  10  mg/1 .  The  other  two 
instruments  are  calibrated  on  methane  as  a  standard; 
however,  the  Organic  Vapor  Analyzer  is  a  more  sensitive 
instrument,  measuring  organic  vapors  in  the  part  per  million 
range  as  opposed  to  the  percent  range  for  the  Combustible 
Gas  Alarm.  The  results  of  the  gas  well  screening  indicate 
that  gases  containing  organic  compounds  are  being 
generated  inside  the  two  landfills  at  levels  up  to  1000+ 
parts  per  million. 

At  the  same  time  the  gas  wells  were  monitored,  the  vent  area 
north  of  the  tennis  courts  on  Landfill  8  was  also  screened 
using  the  same  detector  instruments.  This  area  had  been 
regraded  and  fenced  by  WPAFB  Civil  Engineering  to  reduce 
surface  gas  generation  and  restrict  passersby  from  the 
immediate  area.  An  examination  of  the  ground  surface  inside 
the  fence  showed  one  area  where  the  gas  had  broken  through 
the  new  cover  and  was  again  discoloring  the  surrounding 
soil.  Instrument  readings  directly  over  the  open  vent 
revealed  100  to  250  ppm  on  the  Organic  Vapor  Analyzer  and  25 
to  50  ppm  of  hydrogen  sulfide  using  the  MSA  Pump  and 
Detector  Tubes.  At  six  inches  above  ground  surface,  the 
hydrogen  sulfide  level  dropped  to  less  than  10  ppm. 

Further  analytical  work  is  needed  in  both  the  vent  area  and 
the  gas  monitor  wells  to  define  the  composition  of  the  gas, 
determine  the  degree  of  its  potential  health  hazard  to 
nearby  residents  and  to  control  its  emission  from  the 
landfills . 

4.6  SIGNIFICANCE  OF  FINDINGS 
4.6.1  Water  Quality  -  General 

The  principal  objective  of  the  Phase  II  Confirmation  Study 
was  to  determine  whether  past  hazardous  waste  operations  or 
disposal  practices  had  resulted  in  environmental  degrada¬ 
tion.  The  analytical  results  of  the  Phase  II  study  repre¬ 
sent  a  single  round  of  sampling  of  selected  leachate  seeps 
and  newly  installed  monitor  wells.  The  conclusions  drawn 
from  this  information  should  be  evaluated  with  this 
understanding . 

Ground  water  and  leachate  water  quality  results  are  present¬ 
ed  in  Tables  4-1,  4-2,  4-3  and  4-4.  Appendix  I  includes  all 
analytical  results  from  monitoring  the  Phase  II  sites.  Ap¬ 
pendix  J  contains  a  complete  listing  of  Federal  and  State 
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drinking  water  and  human  health  standards,  criteria,  and 
guidelines  applicable  in  the  State  of  Ohio. 

In  evaluating  the  significance  of  the  chemical  data, 
comparisons  with  background  levels  are  often  made.  No 
background  water  quality  wells  were  authorized  for  zones 
within  the  valley-train  deposits  (in  which  seven  of  the 
eight  zones  are  located),  so  no  direct  comparisons  with 
background  well  analyses  are  possible.  Many  analytes  in 
Tables  4-1  throguh  4-4  were  below  detection  limits  in  one  or 
more  wells,  so  it  is  reasonable  to  believe  that  background 
levels  for  those  analytes  are  at  or  below  the  detection 
limit.  Given  that  belief,  then,  levels  of  analytes  well 
above  the  detection  limit  should  be  considered  as  potential 
contamination.  For  example,  iron  was  below  the  detection 
level  of  0.1  mg/1  in  14  of  the  22  wells  tested  for  iron. 
Iron  was  detected  at  levels  between  1.5  and  190  times  the 
detection  level  in  the  other  eight  wells,  and,  at  least  in 
the  more  extreme  cases ,  where  the  level  detected  exceeds  the 
Secondary  Safe  Drinking  Water  Standard,  these  levels  are 
being  considered  to  represent  contamination.  A  similar 
scenario  can  also  be  developed  for  manganese,  where  it  was 
below  the  detection  limit  of  0.05  mg/1  (also  the  Secondary 
Safe  Drinking  Water  Standard)  in  13  of  the  22  wells  tested. 
In  the  other  nine  wells  manganese  was  detected  at  levels 
between  1.2  and  37.5  times  the  detection  limit,  and  in  the 
more  extreme  cases  these  levels  are  being  considered  to 
represent  contamination. 

On  November  28,  1980,  the  O.S.  Environmental  Protection 
Agency  issued  criteria  for  64  toxic  pollutants  or  pollutant 
categories  which  could  be  found  in  surface  waters.  The 
criteria  established  recommended  maximum  concentrations  for 
acute  and  chronic  exposure  to  these  pollutants  by  both 
humans  and  aquatic  life.  The  derivation  of  these  exposure 
values  was  based  upon  cancer  risk,  toxic  properties,  and 
organoleptic  properties. 

The  limits  set  for  the  cancer  risk  are  not  based  upon  a  safe 
level  for  carcinogens  in  water.  The  criteria  state  that  for 
maximum  protection  for  human  health,  the  concentration 
should  be  zero.  However,  where  this  cannot  be  achieved,  a 
range  of  concentrations  corresponding  to  incremental  cancer 
risks  of  fcom  1  to  10  million  to  1  in  100,000  was  presented 
(10-  to  10-  ). 

Toxic  limits  were  established  at  levels  for  which  no  adverse 
effects  would  be  produced.  These  are  the  health  related  lim¬ 
its  which  have  been  used  in  this  report  to  evaluate  poten¬ 
tial  impacts.  It  should  be  noted  that  the  cancer  risk 
column  is  based  upon  one  cancer  case  in  one  million,  (10- 
°).  The  EPA's  evaluation  criteria  under  CERCLA  (Annex 
XIII)  for  selecting  contaminant  levels  to  protect  public 
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health  call  for  the  remedial  action  to  "attain  levels  of  con¬ 
tamination  which  represent  an  incremental  risk  of  contract¬ 
ing  cancer  between  10-  and  10-°)".  The  10-  value 
was  used  to  achieve  the  maximum  protection  to  the  public. 

In  addition  to  the  cancer  risk  assessment  criteria,  the  U.S. 
EPA  Office  of  Drinking  Water  provides  advice  on  health  ef¬ 
fects  upon  request,  concerning  unregulated  contaminants 
found  in  drinking  water  supplies.  This  information  suggests 
the  level  of  a  contaminant  in  drinking  water  at  which  ad¬ 
verse  health  effects  would  not  be  anticipated  with  a  margin 
of  safety;  it  is  called  a  SNARL  (Suggested  No  Adverse 
Response  Level).  Normally  values  are  provided  for  one-day, 
10-day  and  longer-term  exposure  periods  where  available  data 
exists.  A  SNARL  does  not  condone  the  presence  of  a  contam¬ 
inant  in  drinking  water,  but  rather  provides  useful  informa¬ 
tion  to  assist  in  the  setting  of  control  priorities  in  cases 
when  they  have  been  found. 

SNARLS  are  not  legally  enforceable  standards.  They  are  not 
issued  as  an  official  regulation,  and  they  may  or  may  not 
lead  ultimately  to  the  issuance  of  a  national  standard  or 
Maximum  Contamination  Level  (MCL).  The  latter  must  take  in¬ 
to  account  occurrence  and  relative  source  contribution  fac¬ 
tors,  in  addition  to  health  effects.  It  is  quite 
conceivable  that  the  concentration  set  for  SNARL  purposes 
might  differ  from  an  eventual  MCL.  The  SNARLS  may  also 
change  as  additional  information  becomes  available.  In 
short,  SNARLS  are  offered  as  advice  to  assist  those  who  are 
dealing  with  specific  contamination  situations  to  protect 
public  health. 

The  above  information  concerning  SNARLs  was  taken  directly 
from  guidance  documentation  authorized  by  the  EPA  and  made 
available  to  WESTON.  The  SNARLs  levels  for  various  com¬ 
pounds  were  also  used  in  evaluating  the  results  of  ground 
and  surface  water  sampling. 

On  June  12,  1984,  the  U.S.  Environmental  Protection  Agency 
published  a  set  of  proposed  rules  under  the  Safe  Drinking 
Water  Act  that  would  establish  Recommended  Maximum  Contami¬ 
nant  Levels  (RMCLs)  for  the  following  volatile  synthetic 
organic  chemicals  (VOCs)  in  drinking  water:  trichloro¬ 

ethylene;  tetrachloroethylene;  carbon  tetrachloride;  1,1,1- 
trichloroethane;  vinyl  chloride;  1, 2-dichloroethane; 
benzene;  1, 1-dichloroethylene;  and  p-dichlorobenzene. 

RMCLs  are  non-enf orceable  health  goals  which  are  to  be  set 
at  levels  which  would  result  in  no  known  or  anticipated  ad¬ 
verse  health  effects  with  an  adequate  margin  of  safety.  This 
proposal  is  the  initial  stage  of  rulemaking  for  the  estab¬ 
lishment  of  primary  drinking  water  regulations  for  the  VOCs. 
Following  this  proposal.  Maximum  Contaminant  Levels  (MCLs) 


and  monitoring/reporting  requirements  will  be  proposed  when 
the  RMCLs  are  promulgated.  MCLs  are  enforceable  standards 
and  are  to  be  set  as  close  to  the  RMCLs  as  is  feasible  and 
are  based  upon  health,  treatment  technologies,  cost  and  oth¬ 
er  factors.  It  is  anticipated  that  RMLCs  for  most  of  the 
above  compounds  would  be  set  in  the  range  of  5  to  50  ug/1 . 
EPA  anticipates  proposing  additional  RMCL ' s  for  other  VOC 
compounds  in  the  near  future. 

4.5.2  Water  Quality  at  Wright-Patterson  AFB 

A  comparison  of  Wright-Patterson  water  quality  results  with 
applicable  standards  and  guidelines  is  presented  in  Table  4- 
7.  Detailed  reference  material  is  included  in  Appendix  J. 

Chloride  was  found  in  concentrations  at  or  above  the 
Drinking  Water  Standard  in  two  locations:  MW-12  in  Zone  3 
contained  250  mg/1  of  chloride,  and  L-5,  a  leachate  seep  on 
Landfill  10  in  Zone  1,  contained  1,030  mg/1  of  chloride. 
Sulfate  was  detected  at  levels  at  or  above  the  drinking  wa¬ 
ter  standard  in  two  wells  and  two  leachate  seeps  as  follows: 
MW-20  and  MW-21,  both  in  Zone  5,  contained  250  and  260  mg/1 
of  sulfate,  respectively;  leachate  seeps  L-1  and  L-2,  both 
from  Landfill  8  in  Zone  1,  contained  550  and  340  mg/1  of  sul¬ 
fate,  respectively. 

Of  the  metals  included  in  the  analysis,  iron  and  manganese 
were  found  in  concentrations  exceeding  drinking  water  stan¬ 
dards.  The  Safe  Drinking  Water  Act  standard  for  iron  is  0.3 
mg/1.  Eight  monitor  wells  and  all  six  leachate  seeps 
sampled  contained  levels  of  iron  above  0.3  mg/1  as  follows: 
in  Zone  2,  MW-6  and  MW-10  contained  0.34  and  0.45  mg/1 ;  in 
Zone  3,  MW-13  and  MW-14  contained  9.5  and  19  mg/1;  in  Zone 
5,  MW-21,  MW-22  and  MW-23  contained  0.90,  0.60  and  1.25  mg/1 
or  iron,  respectively.  In  Zone  1,  all  six  leachate  seeps 
sampled  contained  iron  ranging  from  1.5  to  694  mg/1.  The 
Safe  Drinking  Water  Act  standard  for  manganese  is  0.05  mg/1. 
Nine  monitor  wells  contained  levels  of  manganese  above  0.05 
mg/1  as  follows:  in  Zone  1,  MW-3  and  MW-4  contained  0.11 
and  0.12  mg/1;  in  Zone  2,  MW-7  contained  0.4  mg/1 ;  in  Zone 
3,  MW-13  and  MW-14  contained  0.17  and  0.43  mg/1;  in  Zone  5, 
MW-20,  MW-21  and  MW-23  contained  manganese  ranging  from  0.16 
to  1.89  mg/1;  in  Zone  6,  MW-25  contained  0.06  mg/1. 
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oil  and  grease  was  found  in  four  wells  at  concentrations 
above  the  taste  and  odor  threshold  of  0.01  mg/1 . 
Concentrations  ranged  from  0.55  to  1.03  mg/1 .  All  four 
wells  were  located  in  areas  of  past  POL  spills  or  Fire 
Training  activities. 

No  standards  exist  for  the  general  indicator  parameters  TOC 
(total  organic  carbon)  and  TOX  (total  organic  halogen).  TOC 
is  a  generalized  screening  parameter  used  to  detect  organic 
contaminants.  Background  levels  of  TOC  in  ground  water  are 
usually  below  1.0  mg/1,  although  it  is  not  uncommon  for  TOC 
in  a  shallow  water  table  aquifer  to  range  up  to  10  mg/1 . 
When  TOC  concentrations  rise  above  10  mg/1  there  is  an  indi¬ 
cation  of  contamination;  however,  the  elevated  levels  may  be 
caused  by  natural  phenomena  including  vegetative  decay.  At 
Wright-Patterson  AFB,  only  one  well,  MW-20 ,  located  in  Zone 
5,  contained  a  TOC  level  higher  than  10  mg/l.  The  concen¬ 
tration  was  12.1  mg/l.  The  leachate  seeps,  however,  con¬ 
tained  TOC  levels  higher  than  10  mg/l  at  the  following  loca¬ 
tions:  L-1  at  14.1  mg/l;  L-4  at  24.8  mg/l;  L-5  at  1780.0 
mg/l;  L-6  at  352.00  mg/l.  TOX  is  an  indicator  parameter  of 
halogenated  organic  compounds.  These  compounds  are  syn¬ 
thetic  and  do  not  occur  naturally,  so  there  is  no  natural 
background  level  in  ground  water  for  them.  Any  level  of  TOX 
indicates  manmade  chemical  contamination.  Because  more  than 
half  of  the  USEPA  list  of  volatile  organic  Priority  Pollu¬ 
tants  are  halogenated,  the  TOX  parameter  provides  a  method 
of  screening  samples  for  these  contaminants  before  pro¬ 
ceeding  to  specific  analyses.  At  Wright-Patterson  AFB,  TOX 
was  detected  in  seven  wells  and  all  six  leachate  seeps 
sampled  at  levels  ranging  from  5.2  to  94  ug/1  in  the  wells 
and  12  to  940  ug/1  in  the  leachate  seeps.  Wells  containing 
TOX  were  as  follows:  in  Zone  3,  MW-12,  MW-13  and  MW-14  con¬ 
tained  18.8,  7,0  and  65.0  ug/l  of  TOX  respectively;  in  Zone 
4,  MW-18  contained  5.2  ug/1;  in  Zone  5,  MW-20,  MW-21  and 
MW-22  contained  6.8,  94.0  and  5.4  ug/1,  respectively;  In 
Zone  1  leachate  seeps  on  Landfill  8  contained  from  12  to  44 
ug/1  of  TOX.  Seeps  on  Landfill  10  contained  from  400  to  940 
ug/1  of  TOX.  USEPA  water  quality  criteria  for  Human  Health 
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have  been  set  for  numerous  compounds  falling  within  the 
group  contributing  to  TOX  levels.  Many  of  these  standards 
are  in  the  range  of  1  ug/1  or  less.  Thus,  TOX  concentrations 
in  some  well  samples  and  all  leachate  samples  from 

Wright-Patterson  AFB  indicate  a  high  probability  that  these 
health  criteria  are  exceeded  in  the  case  of  one  or  more 

compounds . 

Composite  samples  of  leachate  at  Landfills  8  and  10  con¬ 
tained  several  volatile  organic  compounds,  one  of  which 

(toluene)  is  included  on  the  USEPA  Priority  Pollutant  List. 
Toluene  was  found  at  10  ug/1  in  the  Landfill  10  leachate  com¬ 
posite.  In  addition,  the  Landfill  10  composite  sample  in¬ 
cluded  940  ug/1  each  of  acetone  and  methylethyl  ketone,  and 
40  ug/1  of  methyl  isobutyl  ketone.  The  leachate  composite 
sample  from  Landfill  8  contained  25  ug/1  of  acetone. 

4.5.3  Conclusions 

Based  upon  the  results  of  the  Phase  II  Stage  1  Confirmation 
Study  conducted  at  WPAFB,  the  following  key  conclusions  have 
been  drawn ; 

1.  Ground  water  occurs  under  shallow,  water  ta¬ 
ble  conditions  in  and  around  all  sites  inves¬ 
tigated.  Base-wide  regional  ground-water 
gradients  average  between  0.001  and  0.002, 
reflecting  the  highly  permeable,  coarse¬ 
grained  glacial  outwash  sediments  underlying 
most  of  the  Base.  The  hydraulic  driving 
force  for  ground-water  contaminant  migration 
is  fairly  small,  due  to  this  low  gradient, 
although  the  high  hydraulic  conductivities 
characteristic  of  much  of  the  Base  allow 
very  rapid  transport  of  large  volumes  of 
ground  water. 

2.  The  regional  water  table  flow  is  generally 
west-southwesterly,  in  the  same  direction  as 
the  flow  of  the  Mad  River,  toward  the  major 
City  of  Dayton  wellfield  at  Rohrer's  Island. 

Locally  this  regional  flow  trend  is  modified 
by  creeks  and  by  mounding  induced  either  by 
landfilling  or  by  storage  of  coal. 
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There  exists  a  potential  for  off-Base 
migration  of  contaminants  at  several  sites. 
Zones  2  and  8  are  along  the  shore  of  the  Mad 
River  ground-water  flow  vectors  are  di¬ 
rectly  toward  the  river,  and  dissolved 
metals  and  Oil  and  Grease  would  be  in 
transport  in  that  direction.  In  Zone  3  the 
potential  exists  for  shallow  discharge  of 
ground  water  contaminated  with  metals, 
nitrate,  TOC  and  TOX  into  Hebble  Creek  and 
then  into  the  Mad  River.  At  Zone  4  a 
ground-water  mound  was  detected  in  the 
vicinity  of  the  Coal  Storage  Pile,  and  flow 
vectors  indicate  the  potential  for  migration 
of  groundwater  contaminated  with  Oil  and 
Grease,  TOX  and  VOA  compounds  in  a  generally 
southerly  off-Base  direction.  Flow  vectors 
at  Zone  5  indicate  the  potential  for 
groundwater  contaminated  with  metals,  TOC 
and  TOX  to  migrate  from  the  landfill  toward 
the  nearby  Mad  River.  At  Zone  6  there  is 
the  possibility  of  ground-water  mounding 
beneath  the  landfill,  but  even  without  such 
mounding  the  regional  flow  gradient  would 
carry  groundwater  contaminated  with  metals 
and  TOC  across  the  adjacent  Base  boundary. 

Measurable  amounts  of  gases,  including 
methane,  hydrogen  sulfide  and  trace  amounts 
of  organic  compounds  are  being  generated  by 
both  landfills  in  Zone  1.  These  seeps  make 
both  landfills  potential  health  risks  to 
residents  immediately  adjacent  to  the  sites. 
Both  sites  are  also  generating  leachate, 
which  contains  up  to  two  USEPA  Priority 
Pollutants  and  several  non-priority 
pollutant  volatile  solvents,  further 
aggravating  the  health  hazard  associated 
with  these  sites. 

Results  of  the  Zone  1  geophysical  surveys  on 
Landfills  8  and  10  indicated  areas  of  high 
magnetic  contour  gradients,  disturbed  sub- 
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soil,  suspected  trenches,  and  buried 

drum-like  targets  on  both  the  landfills. 

6.  The  landfills  in  Zone  2  appear  to  be  generat¬ 

ing  some  leachate,  although  there  is  no  an¬ 
alytical  evidence  of  USEPA  Priority 

Pollutant  compounds  being  part  of  that 

leachate.  Two  wells  in  this  Zone  contained 
iron  in  excess  of  the  Secondary  Safe 

Drinking  Water  Standard,  and  one  contained 
manganese  in  excess  of  the  Secondary  Safe 
Drinking  Water  Standard.  Drums  are  present 
at  Landfill  12. 

7.  Three  landfills  in  Zone  3  appear  to  be  gener¬ 
ating  leachate,  and  TOX  analyses  indicate 
that  USEPA  Priority  Pollutant  compounds  may 
be  present  in  the  leachate.  One  well 
exceeded  the  Safe  Drinking  Water  Standard 
for  chloride,  while  two  wells  exceeded  the 
Secondary  Standards  for  iron  and  manganese. 

8.  Oil  and  grease  was  detected  in  monitor  wells 
adjacent  to  the  Spill  Areas  2  and  3  in  Zone 
4  at  levels  above  the  aesthetic  standard  for 
taste  and  odor,  although  no  floating 
hydrocarbon  layer  was  detected.  USEPA 
Priority  Pollutant  solvents  were  also 
detected  in  samples  from  one  of  these  wells. 
Fuel  contamination  is  apparent. 

9.  Landfill  5  in  Zone  5  appears  to  be  generat¬ 
ing  leachate,  and  TOX  analyses  indicate  that 
USEPA  Priority  Pollutant  compounds  may  be 
present  in  the  leachate.  One  monitor  well 
contained  sulfate  in  excess  of  the  Secondary 
Safe  Drinking  Water  Standard,  while  three 
wells  exceeded  the  Secondary  Safe  Drinking 
Water  Standards  for  iron  and  manganese. 

10.  Landfill  2  in  Zone  6  appears  to  be  generat¬ 
ing  leachate,  although  there  is  no  analyt¬ 
ical  evidence  that  USEPA  Priority  Pollutant 
compounds  are  part  of  that  leachate.  One 
well  in  the  Zone  contained  manganese  slight¬ 
ly  in  excess  of  the  Secondary  Safe  Drinking 
Water  Standard. 

11.  Landfill  9  in  Zone  7  does  not  appear  to  be 
generating  leachate. 
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SECTION  5 


ALTERNATIVES 


5.1  GENERAL 

The  principal  goal  of  the  Phase  II,  Stage  I  Confirmation 
Study  at  WPAFB  was  to  determine  whether  or  not  environmental 
degradation  was  occurring  as  the  result  of  past  practices  of 
materials  handling  or  disposal  at  WPAFB.  The  conclusions 
presented  in  Section  4  confirm  that  each  of  the  eight  zones 
investigated  have  affected  groundwater,  surface  water  or 
soils  in  their  immediate  area.  These  are  preliminary  find¬ 
ings,  based  upon  a  single  set  of  analyses,  which  require  ad¬ 
ditional  verification. 

The  alternative  measures  discussed  below  focus  mainly  upon 
problem  definition  aspects  of  environmental  contamination 
detected  at  WPAFB.  The  alternative  actions  to  be  discussed 
at  this  point  fall  into  the  following  categories: 

ACTION  ZONES 

1.  Immediate  referral  Zone  1  (Landfills  8  and  10) 

for  Phase  IV  remedial 

action 

2.  Stage  II  Quantification  Zone  2  through  8 

Study  water  quality 

monitoring  at  existing 
monitor  wells 

3.  Expanding  the  groundwater  Zone  2  (Landfill  11) 

monitoring  network  Zone  3  (Landfills  4,6  and  7) 

Zone  4  (Spills  2  and  3 

Coal  Storage  Pile) 
Zone  5  (Landfill  5) 

Zone  6  (Landfill  2) 

4.  Establishing  a  surface  Zone  2  (Landfill  11) 

water  monitoring  network  Zone  3  (Landfills  4,6  and  7) 

Zone  5  (Landfill  5) 

Zone  6  (Landfill  2) 
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5.  Expanded  analytical  Zones  2  through  7 

protocol 

6.  Actions  to  be  undertaken  Zone  2  (Landfill  11  and  12) 
by  the  base 

These  alternative  measures  are  discussed  by  zone  in  the  fol¬ 
lowing  sections.  Based  upon  the  possible  alternatives  dis¬ 
cussed  here,  specific  recommendations  are  presented  in 
Section  6. 

5.1.1  Zone  1  -  Alternative  Measures 

Zone  1  needs  considerable  additional  evaluation  with  respect 
to  groundwater  impacts,  transport  of  contaminants  off-site 
in  leachate  and  surface  water,  and  generation  of  noxious  and 
toxic  gases.  However,  in  view  of  the  potential  hazard  to  hu¬ 
man  health  due  to  the  proximity  of  residences  in  the  immedi¬ 
ate  vicinity,  Weston  feels  that  Zone  1  should  be  referred 
immediately  to  Phase  IV. 

5.1.2  Zone  2  -  Alternative  Measures 


Due  to  the  location  of  this  Zone,  immediately  adjacent  to 
the  Mad  River,  the  analytical  data  obtained  during  Stage  1 
should  be  verified  with  additional  sampling  and  analysis. 
Two  wells  are  not  considered  to  be  an  adequate  number  to  mon¬ 
itor  the  long  flank  of  the  landfill  along  the  river,  and  ad¬ 
ditional  monitor  wells  should  be  installed  in  order  to 
ensure  that  other  pollutants  are  not  contained  in  leachate 
being  generated.  Surface  water  monitoring  stations  should 
be  established  along  the  small  tributary  separating 
landfills  11  and  12,  in  order  to  ensure  that  contaminants 
are  not  discharging  to  the  Mad  River  via  surface  water.  The 
base  should  initiate  a  post-closure  monitoring  program  for 
Zone  2  monitoring  wells  to  ensure  early  detection  of 
pollutants  which  may  discharge  from  the  landfill  in  the 
future . 

5.1.3  Zone  3  -  Alternative  Measures 

An  additional  round  of  groundwater  and  analysis  should  be  ac¬ 
complished  in  this  zone  to  verify  the  first  round  of  re¬ 
sults.  Due  to  the  elevated  TOX  levels,  additional  monitor 


wells  should  be  installed  in  order  to  evaluate  the  magnitude 
and  extent  of  groundwater  contamination.  Surface  water  mon¬ 
itoring  stations  should  be  established  along  Hebble  Creek 
and  its  tributaries  in  order  to  evaluate  contaminant  trans¬ 
port  in  surface  waters.  Samples  of  groundwater  and  surface 
water  should  be  analyzed  for  an  expanded  list  of  analytes  in 
order  to  characterize  the  chemical  nature  of  contaminants. 
A  preliminary  concept  engineering  evaluation  should  be  con¬ 
ducted  with  the  purpose  of  attaining  proper  closure  of  the 
landfills  and  remediating  any  contaminant  migration  which 
has  occurred. 

5.1.4  Zone  4  -  Alternative  Measures 

An  additional  round  of  sampling  and  analysis  should  be  accom¬ 
plished  to  verify  the  Stage  1  results.  Additional  ground- 
water  monitoring  wells  should  be  installed  in  order  to  1) 
quantify  the  magnitude  and  extent  of  contamination  result¬ 
ing  from  the  fuel  spills,  and  2)  to  ensure  that  contaminants 
from  the  coal  pile  storage  area  are  not  migrating  off-base 
to  the  south  toward  Fairfield.  Groundwater  samples  should 
be  analyzed  for  an  expanded  list  of  analytes  in  order  to 
characterize  the  chemical  nature  of  contaminants. 

5.1.5  Zone  5  -  Alternative  Measures 

An  additional  round  of  sampling  and  analysis  should  be  accom¬ 
plished  to  verify  the  Stage  1  results.  Additional  ground- 
water  monitoring  wells  should  be  installed  in  the  vicinity 
of  Landfill  5  in  order  to  quantify  the  magnitude  and  extent 
of  contamination.  Under  Phase  II,  Stage  2,  also  establish 
monitoring  west  of  Landfill  5  on  Miami  Conservancy  District 
(MCD)  property  if  off-Base  work  is  required.  Surface  water 
monitoring  stations  should  be  established  on  Hebble  Creek 
and  the  lakes  in  the  zone  in  order  to  evaluate  contaminant 
transport  in  surface  waters.  Samples  of  groundwater  and 
surface  water,  as  well  as  from  the  nearby  base  production 
wells,  should  be  analyzed  for  an  expanded  list  of  analytes 
in  order  to  characterize  the  chemical  nature  of 
contaminants . 

5.1.6  Zone  6  -  Alternative  Measures 

An  additional  round  of  sampling  and  analysis  should  be  accom¬ 
plished  to  verify  the  Stage  1  results.  Due  to  the  proximity 
of  this  site  to  the  Base  boundary  and  the  potential  for 
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off-Base  migration  of  as-yet  undetermined  contaminants, 
either  in  ground  water  or  in  surface  water,  a  limited 
additional  evaluation  program  should  be  undertaken. 
Additional  monitor  wells  should  be  installed  along  the 
western  side  of  the  landfill  in  order  to  ensure  that  any 
contamination  that  may  be  present  is  not  flowing  across  the 
west  base  boundary.  Surface  water  monitoring  stations  should 
be  established  along  the  creek  running  adjacent  to  the 
landfill  in  order  to  evaluate  contaminant  transport  in 
surface  waters.  Samples  of  groundwater  and  surface  water 
should  be  analyzed  for  an  expanded  list  of  analytes  in  order 
to  characterize  the  chemical  nature  of  contaminants. 

5.1.7  Zone  7  -  Alternative  Measures 

An  additional  round  of  sampling  and  analysis  should  be  accom¬ 
plished  to  verify  the  Stage  1  results.  If  the  Stage  1  re¬ 
sults  are  verified,  then  no  further  action  is  considered 
necessary  in  this  zone. 

5.1.8  Zone  8  -  Alternative  Measures 


An  additional  round  of  sampling  and  analysis  should  be  accom¬ 
plished  to  verify  the  Stage  1  results.  If  the  Stage  1  re¬ 
sults  are  verified,  then  no  further  action  is  considered 
necessary  in  this  zone. 


Seepage  Velocity 
TAC 


Rate  of  migration  of  groundwater 
Tactical  Air  Command 


Till 

TOC 

TOX 


ug/1 

umho/cm 

Unconfined  aquifer 

Unconsolidated  Sediments 


USAF 

USEPA 

uses 

VOA 

WPAFB 


Nonsorted,  nonstratif ied  sediment 
carried  or  deposited  by  a  glacier. 

Total  Organic  Carbon 

Total  Organic  Halogens,  which  are 
organic  cesnpounds  containing  any 
of  the  elements  of  Group  Vii-b 
of  the  Periodic  Table  (F,  Cl,  Br,  I) 

Micrograms  per  liter  (equivalent  to 
parts  per  billion  in  water) . 

Micromhos  per  centimeter  (units  of 
Specific  Conductance). 

An  aquifer  in  which  the  water  table 
surface  forms  the  upper  boundary 
of  the  aquifer. 

Sediments  that  are  uncemented  and 
thus  contain  interconnected  void  space 
(primary  porosity)  that  allow  for 
the  storage  and  transmission  of 
groundwater . 

United  States  Air  Force 

United  States  Environmental  Pro¬ 
tection  Agency 

United  States  Geological  Survey 
Volatile  Organic  Compounds 
Wright-Patterson  Air  Force  Base 


Hydraulic  Conductivity 

Hydraulic  gradient 

IRP 

mg/1 

mgd 

MSL 

N 

OEHL 

Outwash 

pH 

P.G. 

Porosity 

ppb 

ppm 

RCRA 


site  and  waste  characteristics, 
pathways  of  migration  and  potential 
receptors  of  contamination.  The 
HARM  system  is  used  to  indicate  the 
realtive  need  for  follow-up  action. 

Same  as  permeability.  The  rate  at 
which  groundwater  moves  through  a 
geologic  formation  in  a  given  inter¬ 
val  of  time  under  a  given  hydraulic 
gradient. 

Change  in  pressure  or  head  in  the 
ground  water  over  a  given  distance 
of  flow 

Installation  Restoration  Program 

Milligrams  per  liter  (equivalent  to 
parts  per  million  in  water). 

Million  gallons  per  day 

Mean  Sea  Level  Datum 

North 

Occupational  and  Environmental 
Health  Laboratory 

Drift  deposited  by  meltwater  streams 
beyond  active  glacier  ice 

Negative  logarithm  of  the  hydrogen 
ion  concentration  in  water. 

Registered  Professional  Geologist 

The  ratio  of  the  volume  of  pore 
spaces  in  rock  or  unconsolidated 
sediments  to  its  total  volume. 

Parts  per  billion  (equivalent  to 
ug/1  in  water). 

parts  per  million  (equivalent  to 
mg/1  in  water) 

Resource  Conservation  and  Recovery 
Act 
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OISIONERS 


CCMSU««NtS 


ACRONYMS,  DEFINITIONS,  NOMENCLATURE  AND  UNITS  OF  MEASUREMENT 


Alluvium 

ANG 

Artesian 

ASTM 

Aquifer 


BGS 

CERCLA 

cm/s 

Confined  aquifer 

DEQPPM 

DPDO 

DoD 

Ground  Water  Divide 

Ground  Water  Surface 


Sedimentary  deposits  laid  down 
through  the  actions  of  rivers. 

Air  National  Guard 

Refers  to  ground  water  under 
sufficient  hydrostatic  pressure  to 
rise  above  the  aquifer  containing  it. 

American  Society  for  Testing  and 
Materials 

Zone  beneath  the  earth's  surface 
capable  of  producing  water  for  a 
well. 

Below  Ground  Surface 

Comprehensive  Environmental 
Response  Compensation  and  Liability 
Act  of  1980 

Centimeters  per  second 

The  aquifer  is  confined  between 
two  less  permable  beds  in  a  strati¬ 
graphic  sequence 

Defense  Environmental  Quality 
Program  Policy  Memorandum 

Defense  Property  Disposal  Office 

Department  of  Defense 

A  line  on  the  water  table  on  each 
side  of  which  the  ground  water  table 
slopes  away  from  the  line. 

The  level  below  which  the  earth  is 
saturated. 

Hazard  Assessment  Rating  Methodology. 
A  numerical  scoring  system  used  to 
evaluate  potentially  contaminated 
sites.  The  system  takes  into  account 
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HARM 
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Table  6-1,  Summary  of  Recommendations  (cont.) 


Recommendations 

Resample  existing  wells 

Install  7  additional  monitor 
wells 

Sampling  and  analysis 


Resample  existing  wells 

Install  5  additional  monitor 
wells 

Priority  pollutant  screening 

Surface  water  and  sediment 
monitoring 

Sampling  and  analysis 


Resample  existing  well 

Install  2  additional  monitor 
wells 

Surface  water  and  sediment 
monitoring 

Scunpling  and  analysis 


Resample  existing  well 
Resample  existing  well 


Rationale 

Verify  Stage  1  results 

Spill  plume  evaluation  and 
Base  boundary  monitoring 

Determine  Magnitude  and 
extent  of  contamination 

Verify  Stage  1  results 

Establish  effective  ground- 
water  monitoring 

Leachate  characterization 

Evaluate  transport  of  con¬ 
tamination 

Magnitude  and  extent  of 
contamination 

Verify  Stage  1  results 

Expanded  monitoring  at 
Base  boundary 

Evaluate  transport  of  con 
taminants 

Magnitude  and  extent  of 
contamination 

Verify  Stage  1  results 

Verify  Stage  1  results 
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Table  6-1 

Summary  of  Recommendations 


Recommendations  Rationale 

Refer  both  sites  to  Phase  IV  Mitigation  of  human 

for  immediate  action.  Phase  health  hazard. 

IV  activity  would  include  a 
thorough  characterization  of 
gases  and  leachate. 


Resample  existing  wells 

Install  2  additional  monitor 
wells 

Priority  pollutant  screening 

Surface  water  and  sediment 
monitoring 

Sampling  and  analysis 

Resample  existing  wells 

Install  10  additional 
monitor  wells 

Priority  pollutant  screening 

Surface  water  and  sediment 
monitoring 

Scunpling  and  analysis 


Verify  Stage  1  results. 

Expanded  monitoring  at 
Base  boundary. 

Ground  water  and  leachate 
characterization. 

Evaluate  transport  of  con¬ 
taminants  . 

Determine  magnitude  and 
extent  of  contamination. 

Verify  Stage  1  results. 

Establish  effective 

ground  water  monitoring  net 

work. 

Ground  water  and  Leachate 
characterization . 

Evaluate  transport  of  con¬ 
taminants  . 

Magnitude  and  extent  of 
contamination. 
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6.1.7  Zone  7  -  Reconunendations 

Based  upon  the  results  obtained  to  date,  the  following  recom 
mendation  is  made  for  Zone  7: 


1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results.  If 
Stage  1  results  are  verified,  then  no  further 
evaluation  is  necessary  for  Zone  7. 

6.1.8  Zone  8  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendation  is  made  for  Zone  8: 


1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results.  If 
Stage  1  results  are  verified,  then  no  further 
evaluation  is  necessary  for  Zone  8. 

6.2  SUMMARY  OF  RECOMMENDATIONS 

The  aforedescribed  set  of  zone-by-zone  recommendations  i 
summarized  in  Table  6-1. 


Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants,  in  order  to  determine  1) 
the  "worst  case"  contamination  scenario,  and 
2)  key  analytes  of  concern  for  assessing  the 
magnitude  and  extent  of  contamination. 

If  present,  leachate  seepages  at  or  around  the 
landfills  should  be  sampled. 

Water  samples  from  the  remaining  monitor 
wells,  from  surface  water  staff  gauge  sta¬ 
tions,  and  from  the  nearby  Base  production 
wells  should  be  sampled  and  analyzed  for  a 
list  of  analytes  based  upon  the  results  of  pri¬ 
ority  pollutant  screening. 

Zone  6  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendations  are  made  for  Zone  6: 

1.  Resample  and  analyze  the  existing  monitor  well 
in  this  zone  to  verify  Stage  1  results. 

2.  Install  two  new  monitor  wells  along  the  west 
side  of  the  landfill  in  order  to  ensure  that 
any  contamination  that  may  be  present  is  sam¬ 
pled  and  characterized. 

3.  Establish  three  surface  water  staff  gauge  and 
sampling  stations  for  surface  water  and  sedi¬ 
ment  sampling  along  the  creek  which  flows  adja¬ 
cent  to  the  landfill,  in  order  to  determine 
the  nature,  magnitude  and  extent  of  potential 
surface  water  and  sediment  contamination. 

4.  If  present,  leachate  seepages  should  be 
sampled. 

5.  Sample  the  three  monitor  wells  and  three  staff 
gauge  stations  for  the  Stage  1  list  of 
analytes  plus  the  USEPA  priority  pollutant 
list  volatile  organic  compounds  (VOC). 


1.  Resample  and  analyze  the  existing  monitor 
wells  in  the  zone  to  verify  Stage  1  analytical 
results. 

2.  Install  additional  monitor  wells  around  Spill 
Sites  2  and  3  and  the  coal  storage  pile.  Six 
additional  monitor  wells  are  necessary  to  eval¬ 
uate  potential  fuel  contamination  from  Spills 
2  and  3,  and  one  additional  well  is  recommend¬ 
ed  between  the  coal  storage  pile  and  the  south 
Base  boundary. 

3.  Sample  and  analyze  the  six  new  and  all  exist¬ 
ing  monitor  wells  at  the  spill  sites  for  oil 
and  grease  and  USEPA  priority  pollutant  vol¬ 
atile  organic  compounds  (VOC)  plus  xylene. 
Analyze  the  two  Coal  Storage  Pile  wells  for 
Safe  Drinking  Water  Act  primary  metals  and 
base/neutral  extractable  organics.  Analyze 
Burial  Site  1  wells  for  Safe  Drinking  Water 
Act  Primary  metals. 


6.1,5  Zone  5  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following 
recommendations  are  made  for  one  site  in  Zone  5; 

1.  Resample  and  analyze  the  existing  monitor 
wells  in  this  zone  to  verify  Stage  1  analyt¬ 
ical  results.  If  the  Stage  1  results  are  ver¬ 
ified,  then  no  further  evaluation  is  necessary 
for  Fire  Training  Area  1. 

2.  Install  additional  monitor  wells  around 
Landfill  5.  Five  additional  monitor  wells  are 
necessary  to  ensure  that  all  possible  leachate 
seepage  from  the  site  is  sampled  and  character¬ 
ized. 

3.  Six  surface  water  staff  gauge  and  sampling  sta¬ 
tions  should  be  established  for  surface  water 
and  sediment  sampling  —  one  on  each  of  the 
Twin  Lakes  and  the  gravel  pond,  and  three  on 
Hebble  Creek,  in  order  to  determine  the 
nature,  magnitude  and  extent  of  potential 
surface  water  and  sediment  contamination. 


6.1.3  Zone  3  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom 
mendations  are  made  for  three  sites  within  Zone  3: 

1.  Resample  and  analyze  the  existing  monitor 
wells  in  this  zone  to  verify  Stage  1  analyt¬ 
ical  results.  If  the  Stage  1  results  are  ver¬ 
ified,  then  no  further  evaluation  is  necessary 
for  Landfill  3. 

2.  Install  additional  monitor  wells  around  land¬ 
fills  4,  6  and  7  in  order  to  ensure  that  all 

possible  leachate  seepage  from  the  landfills 
is  Scimpled  and  characterized.  Ten  additional 
monitor  wells  should  be  installed  around  the 
three  landfills  in  order  to  ensure  that  the 
complex  hydrogeological  flow  patterns  in  this 
zone  are  determined. 

3.  Eight  staff  gauge  and  sampling  stations  should 

be  established  for  surface  water  and  sediment 
sampling  along  Hebble  Creek  and  the 

tributaries  flowing  through  and  around  the 
landfills,  in  order  to  determine  the  nature, 
magnitude  and  extent  of  potential  surface 
water  and  sediment  contamination. 

4.  Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants,  in  order  to  determine  1) 
the  "worst  case"  scenario,  and  2)  key  analytes 
of  concern  for  assessing  the  magnitude  and 
extent  of  contamination. 

5.  Water  seunples  from  the  remaining  monitor  wells 
and  from  the  surface  water  staff  gauge  sta¬ 
tions  should  be  sampled  and  analyzed  for  a 
list  of  analytes  to  be  based  upon  the  results 
of  priority  pollutant  screening. 

6.  If  present,  leachate  seepages  at  Landfills  3, 

4,  6,  and  7  should  be  sampled. 

6.1.4  Zone  4  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom' 
mendations  are  made  for  two  sites  within  Zone  4: 
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Resample  and  analyze  the  existing  monitor 
wells  in  this  zone  to  verify  Stage  1  analyt¬ 
ical  results. 

Because  this  zone  is  so  close  to  the  base 
boundary,  install  additional  monitor  wells 
around  landfill  11  in  order  to  ensure  that  all 
possible  leachate  seepage  from  the  landfill  is 
sampled  and  characterized.  Two  additional  mon¬ 
itor  wells  should  be  installed,  one  along  the 
Mad  River  at  the  western  portion  of  the  land¬ 
fill  toe  facing  the  river,  and  one  at  the  ex¬ 
treme  western  end  of  the  landfill. 

Four  surface  water  staff  gauge  and  sampling 
stations  for  surface  water  and  sediment 
sampling  should  be  established  along  the  sur¬ 
face  water  course  running  south  and  west  of 
the  landfill,  and  discharging  into  the  Mad 
River,  in  order  to  determine  the  nature, 
magnitude  and  extent  of  potential  surface 
water  and  sediment  contamination. 

Water  samples  from  selected  upgradient  and 
downgradient  monitor  wells  should  be  sampled 
and  analyzed  for  the  complete  list  of  USEPA 
priority  pollutants  in  order  to  determine  1) 
the  "worst  case"  contamination  scenario,  and 
2)  key  analytes  of  concern  for  assessing  the 
magnitude  and  extent  of  contamination. 

Water  samples  from  the  remaining  monitor  wells 
and  from  the  surface  water  staff  gauge  sta¬ 
tions  should  be  sampled  and  analyzed  for  a 
list  of  analytes  to  be  based  upon  the  results 
of  priority  pollutant  screening. 

The  Base  should  implement  a  post-closure  moni¬ 
toring  plan  to  monitor  water  quality  in  the 
monitor  wells  around  Landfill  11.  The  Base 
should  test  the  drums  presently  at  Landfill  12 
for  USEPA  hazard  characteristics  and  remove 
them  from  the  site  for  proper  disposal.  If 
present,  leachate  seepages  at  Landfills  11  and 
12  should  also  be  sampled. 


SECTION  6 


RECOMMENDATIONS 


6 . 1  GENERAL 


The  findings  of  the  Phase  II  Stage  I  study  at  eight  zones  on 
WPAFB  indicate  the  need  for  follow-up  work.  This  work  in¬ 
cludes  the  following: 

1.  General  verification  of  the  initial  round  of 
water  quality  sampling  and  analysis  in  seven 
of  the  zones. 

2.  An  expanded  monitoring  program  in  five  of  the 
zones  with  an  emphasis  on  determining  the  na¬ 
ture,  magnitude  and  extent  of  contamination. 

3.  Referral  of  one  zone  to  Phase  IV  for  implemen¬ 
tation  of  immediate  remedial  action  and  site 
closure. 

6.1.1  Zone  1  -  Recommendations 

Based  upon  the  results  obtained  to  date,  the  following  recom¬ 
mendation  is  made  for  the  two  landfills  in  Zone  1: 

1.  Refer  both  landfills  in  Zone  1  to  Phase  IV. 

The  rationale  for  this  recommendation  is  that 
both  landfills  represent  potential  hazards  to 
human  health.  Both  landfills  are  generating 
leachate  as  well  as  hydrogen  sulfide  and 
methane  gases.  Further  site  evaluation 
without  concurrent  remedial  actions  would  only 
prolong  this  potential  hazard  to  nearby 
residents  and  to  children  playing  in  the  parks 
built  on  both  landfills.  Phase  IV  activity 
would  include  a  thorough  characterization  of 
gases  and  leachate. 

6.1.2  Zone  2  -  Recommendations 


Based  upon  the  results  obtained  to  date,  the  following  recom 
mendations  are  made  for  sites  within  Zone  2: 
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Phase  II  Field  Evaluation 

Wrlght> Patterson  AFB,  Ohio  * 

Revision  No.  2  to  Description  of  Work 

I.  Description  of  Work 

The  purpose  of  this  task  is  to  determine  if  environmental  contamination 
has  resulted  from  waste  disposal  practices  at  Vrlght>Patterson  AFB  OH;  to 
provide  estimates  of  the  magnitude  and  extent  of  contamination,  should  con¬ 
tamination  be  found;  to  identify  any  additional  investigations  and  their 
attendant  costs  necessary  to  Identify  the  magnitude,  extent  and  direction  of 
movement  of  discovered  contaminants. 

The  presurvey  report  (mailed  under  separate  cover)  and  Phase  I  IRP  report 
(mailed  under  separate  cover)  Incorporated  background  and  description  of  the 
sites  for  this  task.  To  accomplish  the  survey  effort,  the  contractor  shall 
take  the  following  steps: 

A.  General 

1.  Determine  the  areal  extent  of  each  zone  by  reviewing  available 
aerial  photos  of  the  base,  both  historical  and  the  most  recent  panchromatic 
and  infrared. 

2.  Locations  where  surface  water  or  leachate  samples  are  collected 
shall  be  marked  with  a  permanent  marker,  and  the  location  recorded  on  a 
project  map  for  the  zone. 

3.  A  total  of  27  monitoring  wells  shall  be  Installed.  The  exact 
location  of  wells  shall  be  determined  in  the  field. 

4.  Water  sampling  shall  be  acoompllsbed  only  once  at  each  location. 

5*  Leachate  samples  shall  be  analyzed  for  total  organic  carbon  (TOC), 
boron,  chloride,  total  iron,  sulfates,  specific  conductance,  phenol  and  total 
organic  halogen  (TGI)  unless  otherwise  specified  in  site  specific  actions, 
paragraph  I.B.  Groundwater  samples  shall  be  analyzed  for  nitrates,  chloride, 
boron,  total  iron,  manganese,  sodlxun,  sulfate,  total  organic  carbon  (TOC), 
phenols,  and  total  organic  halogen  (unless  otherwise  specified  in  site 
specific  actions,  paragraph  I.B. ).  All  water  samples  shall  be  analyzed  on 
site  by  the  contractor  for  pH,  temperature  and  specific  conductance.  Sam¬ 
pling,  maximum  holding  time  and  preservation  of  samples  shall  strictly 
comply  with  the  following  references:  Examination  of  Water  and  Wastewater, 
15th  Ed.  (1980),  pp.  35-42;  IfilM,  Part  31»  PP-  72-82,  (1976),  Method  D-3370; 
and  Methods  tSL.  Chemical  AnalYSla  SiL  Watera  gjil  SgaifiA,  EPA  Manual  600/4-79- 
020,  pp.  xlli  to  xix  (1979).  Detection  limits  for  sample  analyses  enumerated 
in  Attachment  I  shall  be  strictly  adhered  to. 

*Highlights  of  Modification  are  underscored. 
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6.  Groundwater  monitoring  wells  Installed  during  this  effort  shall  be 
completed  to  a  minimum  depth  of  10  feet  below  the  surface  of  the  ground  water 
table.  Standard  penetration  tests  and  split  spoon  sampling  shall  be  accom¬ 
plished  at  one  well  per  zone.  All  wells  shall  be  developed,  water  levels 
measured  and  locations  surveyed  and  recorded  on  a  project  map  and  specific 
zone  map.  Groundwater  monitoring  wells  shall  as  a  mlnlmvmi  comply  with  Envi¬ 
ronmental  Protection  Agency  Guidelines  and  State  of  Ohio  requirements  for 
monitoring  well  Installation.  Only  screw  type  Joints  shall  be  used.  Glued 
fittings  are  not  permitted. 

7.  Field  data  collected  for  each  zone  shall  be  plotted  and  mapped. 

The  nature  of  contamination  and  the  magnitude  and  potential  for  contaminant 
flow  within  each  zone  to  receiving  streams  and  groundwaters  shall  be  deter¬ 
mined  or  estimated.  Upon  completion  of  the  sampling  and  analysis,  the  data 
shall  be  tabulated  In  the  next  RAD  Status  report  as  specified  In  Item  VI 
below. 

B.  In  addition  to  Items  delineated  In  A  above,  conduct  the  following 
specific  actions  at  sites  Identified  on  Wrlght-Patterson  AFB. 

1.  Zone  1.  Landfills  8  A  10 

a.  Conduct  geophysical  Investigations  using  both  magnetometer  and 
ground  penetrating  radar  techniques  to  determine  the  actual  locations  of  chem¬ 
ical  trenches  and  acid  neutralization  areas  at  the  sites. 

b.  Collect  six  leachate  samples,  one  from  each  of  six  different 
leachate  seeps  adjacent  to  the  sites. 

c.  Each  of  the  leachate  samples  collected  from  seeps  at  each 
landfill  shall  be  split  Into  two  portions:  One  portion  (total  of  six)  shall 
be  analyzed  as  Indicated  In  I. A. 4.  above,  the  other  portions  shall  be  combined 
Into  two  composite  samples,  one  composite  per  landfill.  Each  composite  sample 
shall  be  analyzed  by  the  contractor  laboratory  for  volatile  aromatic  and 
volatile  halocarbon  compounds  using  Gas  Chromatography. 

d.  Install  five  groundwater  monitoring  wells  and  four  methane 
monitoring  points  at  the  sites.  A  maximum  of  two  wells  shall  be  located 
downgradlent  from  each  landfill.  Collect  one  water  sample  from  each  well. 

2.  Landfills  11  A  12,  Fire  Training  Areas  3  A  4  and 

Spill  Site  1 

a.  Conduct  a  fixed  depth  resistivity  survey  at  Landfills  11  A  12 
to  detect  the  presence  of  leachate  plumes  which  may  be  migrating  toward  the 
Mad  River. 


b.  Install  five  groundwater  monitoring  wells.  One  or  two  wells 
shall  be  Installed  In  the  vicinity  of  Fire  Training  Areas  3  A  4  and  one  or  two 
wells  shall  be  located  downgradlent  from  Landfills  11  A  12.  One  well  shall  be 
Installed  In  the  vicinity  of  the  spill  site. 
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c.  One  groundwater  aanple  shall  be  collected  frcB  each  well. 

d.  The  samples  collected  at  the  fire  training  and  spill  areas 
shall  be  analyzed  by  the  contractor  for  oil  and  grease  content  using  EPA  IB 
method  413*2  nnd  volatile  halocarbon  and  volatile  aromatic  compounds  using  GC 
techniques.  Analyses  specified  for  groundwater  samples  In  l.A.4.  shall  not 
be  accomplished  for  these  samples. 

3.  Zone  3.  Landfills  3i  4,  6  A  7 

a.  Install  four  groundwater  monitoring  wells  within  the  zone  to 
define  a  contaminant  profile. 

b.  Collect  one  groundwater  sample  from  each  Installed  well. 

4.  Zone  4.  Coal  Storage  Pile,  Spill  Areas  1  &  2  and  Chemical  Burial 

Sites  1  A  2 

a.  Conduct  an  earth  resistivity  survey  of  the  area  surrounding 
the  coal  pile  to  determine  the  presence  of  acidic  leachate  migration.  At  the 
same  time,  conduct  a  field  Inspection  of  the  spill  areas  and  chemical  burial 
sites  to  determine  If  any  environmental  stress  Is  observable. 

b.  Install  five  groundwater  monitoring  wells  within  the  zone. 

One  well  shall  be  Installed  within  each  spill  area,  one  well  shall  be 
Installed  between  the  coal  pile  and  the  Fairborn  well  field,  one  well  shall 
be  Installed  downgradlent  of  each  burial  site. 

c.  Collect  one  sample  from  each  groundwater  well  Installed. 

d.  Samples  collected  from  the  wells  located  within  each  spill 
area  shall  be  analyze  only  for  oil  and  grease  by  EPA  IB  method  413.2  and  for 
volatile  aromatic  and  volatile  halocarbon  contents  using  GC  techniques. 

5.  Zone  5*  Landfill  5  and  Fire  Training  Area  1 

a.  Conduct  a  single  profile  resistivity  survey  to  evaluate  the 
boundaries  of  the  landfill  and  its  effect  on  water  quality  within  the  zone. 

The  results  of  the  resistivity  survey  shall  be  used  to  locate  monitoring  wells 
In  the  area. 


b.  The  groundwater  levels  of  the  nearby  base  wells  (within  1/4 
mile)  shall  be  monitored  utilizing  either  an  electric  well  monitor  or  existing 
air  lines  at  the  wells.  Survey  elevations  shall  be  established  with  respect 
to  groundwater  level  at  these  wells  to  evaluate  groundwater  flow  direction  In 
the  zone. 
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c.  Install  five  shallow  groundwater  monitoring  wells.  Two  wells 
shall  be  located  from  the  base  of  the  landfill  toward  the  boundary  of  the 
base.  A  third  well  shall  be  located  near  Prairie  Road.  The  fourth  well  shall 
be  located  on  the  eastern  toe  of  the  landfill  north  of  Prairie  Road  and  the 
fifth  well  located  immediately  adjacent  to  Fire  Training  Area  1. 

d.  One  groundwater  sample  shall  be  collected  from  each  well 
Installed  by  the  contractor. 

e.  The  samples  collected  from  the  well  near  the  fire  training 
area  shall  also  be  analyzed  for  oil  and  grease  by  EPA  IR  method  <113.2  and  for 
volatile  aromatic  and  volatile  halocarbon  compounds  using  GC  techniques. 

6.  Zone  6.  Landfill  2 

Install  one  groundwater  monitoring  well  downgradient  of  the 
landfill  between  the  fill  and  the  surface  stream.  Collect  one  groundwater 
sample  from  this  well. 

7.  Zone  7.  Landfill  9 

Install  a  single  monit^ing  well  downgradient  of  this  landfill. 
Collect  one  groundwater  sample  from  the  well. 

8.  Zone  8.  Fire  Training  Area  2 

a.  Install  a  single  monitoring  well  downgradient  of  this  area. 

b.  Collect  one  groundwater  sample  from  the  well. 

c.  The  sample  collected  from  this  well  shall  be  analyzed  only  for 
oil  and  grease  and  volatile  aromatic  and  volatile  halocarbon  compounds.  The 
oil  and  grease  analyses  shall  be  acoompllshed  utilizing  EPA  IR  method  413>2 
only.  The  volatile  aromatic  and  volatile  halocarbon  analyses  shall  be 
acoompllshed  using  GC  techniques  only. 

C.  Well  Installation  and  Cleanup 

J_.  Well  installations  shall  be  cleaned  up  following  the  completion  of 
the  well.  Drill  cuttings  shall  be  removed  and  the  general  area  cleaned.  The 
exact  location  of  wells  in  each  zone  shall  be  determined  in  the  field. 


2.  Each  monitoring  well  shall  be  provided  with  8-ft  metal  fence  posts 


Installed  approximately  2  ft  from  the  well  (in  all  case^  posts  shall  be 


outside  the  grout  surface  seal).  Posts  shall  be  installed  as  follows: 


Monitoring  wells  reoiilring  two  posts,  one  on  each  side  of  the 


.  Monitoring^ wells  requiring  one  post:  Wells  No.  1,  V 


23,  24,  25,  26,  27. 


D.  Site  Reatoratlon 


1,  Zone  1,  Landfills  8  and  10.  The  contractor  shall  restore  the 
landscaped  areas  around  Landfills  8  and  10  after  well  Installation  la 
^complete.  Base  personnel  will  Inform  the  contpactor  If  the  landscape  work 
performed  under  subcontract  Is  not  satisfactory. 

2»  Zone  2,  Landfill  11,  ^e  contractor  shall  obtain  access  to  Land¬ 
fill  11  by  cutting  the  fence  between  the  landfill  and  the  Mad  Blver;  the  fence 
shall  be  repaired  and  a  lockable  gate  Installed. 

E.  Data  Review 

Results  of  sampling  and  analysis  shall  be  tabulated  and  Incorporated 
into  the  monthly  R&D  Status  Reports  and  forwarded  to  the  OSAF  OEHL  for  review 
as  soon  as  they  become  available  as  specified  In  Item  VI  below.  Results  of 
sampling  and  analyses  shall  be  tabulated  and  Incorporated  Into  the  Informal 
Technical  Information  Report  (Sequence  3»  Attachment  1  as  reflected  in  Item  VI 
below) ,  and  forwarded  to  USAF  OEHL/TS  for  review. 

_F.  Reporting 

1.  A  draft  report  delineating  all  findings  of  this  field  investigation 
shall  be  prepared  and  forwarded  to  the  DSAF  OEHL  as  specified  in  Item  VI  below 
for  Air  Force  review  and  comment.  This  report  shall  Include  a  discussion  of  the 
regional  hydrogeology,  well  logs  of  all  project  wells,  data  from  water  level 
surveys,  water  quality  analysis  results,  resistivity,  magnetometer  and  ground 
penetrating  radar  survey  results  and  naps,  available  geobydrologlc  cross  sec¬ 
tions,  groundwater  surface  and  gradient  vector  maps,  vertical  and  horizontal 
flow  vectors  and  Laboratory  quality  assurance  Information.  The  report  shall 
follow  the  USAF  OEHL  supplied  format  (mailed  under  separate  cover). 

2.  Estimates  shall  be  made  of  the  magnitude,  extent  and  direction  of 
movement  of  contaminants  discovered.  Potential  environmental  consequences  of 
discovered  contamination  shall  be  identified  or  estimated.  Where  survey  data 
are  Insufficient  to  properly  determine  or  estimate  the  magnitude,  extent  and 
direction  of  movement  of  discovered  contaminants,  specific  recommendations, 
fully  Justified,  shall  be  made  for  additional  efforts  required  to  properly 
evaluate  contamination  migration  and  included  in  a  separately  bound  appendix 
to  the  draft  final  report  (see  ^  below) . 

3.  Specific  requirements.  If  any,  for  future  groundwater  and  surface 
water  monitoring  must  be  identified. 

G.  Quality  Assurance 

The  Contractor  shall  strictly  adhere  to  all  procedures  (described  In 
Chapter  7  of  the  Presurvey  Report  (Task  Order  9  of  the  same  contract)  relating 
to  laboratory  coordination;  on  site  coordination;  engineering  coordination; 
program  management;  project  management;  sampling  procedures;  chain  of  oustody; 
field  sampling  operations;  laboratory  operations,  oallbration  procedures,  ana¬ 
lytical  procedures,  data  reduction,  validation  and  reporting,  Internal  quality 
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control  cheeka,  performance  and  system  audits,  laboratory  preventive  mainte¬ 
nance,  specific  procedures  used  to  assess  data  precision  accuracy  and  complete¬ 
ness;  field  methods  including  veil  Installation  procedures,  well  surveying, 
stream  measurements ;  and  all  sampling  and  analysis.  A  oopy  of  this  report 
shall  be  supplied  to  the  contractor  by  USAF  OEHL  under  separate  cover. 

Health  and  Safety 

All  procedures  relating  to  health  and  safety  described  In  Chapter  6  of 
the  presurvey  report  for  Vrlght-Patterson  AFB  will  be  strictly  adhered  to  by 
the  oontractor  during  this  survey. 

Cost  Estimates 

The  oontractor  shall  provide  oost  estimates  for  all  additional  work 
recommended  to  permit  proper  determination  of  contaminants.  The  recommenda¬ 
tions  provided  shall  Include  all  efforts  required  to  determine  the  magnitude, 
extent  and  direction  of  movement  of  discovered  contaminants  along  with  an 
estimate  of  the  time  required  to  accomplish  the  proposed  effort.  This  Infor¬ 
mation  shall  be  provided  In  a  separately  bound  appendix  to  the  draft  final 
report. 

II.  Site  Location  and  Dates: 

Vrlght-Patterson  AFB  OH 
USAF  Medical  Center/SGB 
Dates  to  be  established 

III.  Base  Support:  None 

IV.  Government  Furnished  Property:  None 

V.  Government  Points  of  Contact: 

1.  Dee  Ann  Sanders  2.  Col  Harry  Russell 

USAF  OEHL/I§  HQ  AFLC/SG£B. 

Brooks  AFB  TX  78235  Vrlght-Patterson  AFB  OH  115433 

(512)  536-2158  (513)  257-6210 

AV  240-2158  AV  787-6210 

3.  MaJ  VUey  Taylor 

USAF  Medical  Center/SGB 
Vrlght-Patterson  AFB  OH  45433 
(513)  255-6815 
AV  785-6815 
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VI.  In  addition  to  aequence  numbera  1,  5  Md  11  liated  in  Atch  1  to  the 
contract,  which  are  applicable  to  all  ordera,  the  reference  numbera  below  are 
applicable  to  thia  order.  Mao  ahown  are  data  applicable  to  thia  order. 


Sequence  Nr 

Block  10 

Block  11 

Block  12 

Block  13  Block  14 

4 

ONE/R 

84  JOL  03 

84  JDL  10 

84  OCT  09  • 

3 

0/TIME 

•• 

e« 

*A  minimum  of  two  draft  reporta  will  be  required.  After  incorporating  Air 
Force  oommenta  oonceroing  the  flrat  draft  report,  the  contractor  shall  supply 
the  DSAF  OEHL  with  a  second  draft  report.  The  report  shall  be  forwarded  to 
the  applicable  regulatory  agencies  for  their  oomments.  Contractor  shall 
supply  the  USAF  OEHL  with  25  copies  of  each  draft  report  and  50  copies  plus 
the  original  camera  ready  copy  of  the  final  report. 

**0pon  completion  of  analyses 
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Required  Sample  Detection  Limits 


Chemical 

Total  Organic  Carbon  (TOC)** 

Boron 

Chloride 

Total  Iron 

Manganese 

Sodium 

Sulfate 

Specific  Conductance 
phenols 

Total  Organic  Halogen  (TOX)** 
Nitrate 

Oils  and  Greases  (IR  Method) 
Volatile  Organic  Compounds 


Concentration 
t  mg/L 
100  |ig/L 
1  mg/L 
100  |ig/L 
50  |ig/L 
1  mg/L 
1  mg/L 
1  micromho 
1 

5  pg/L 
0.1  mg/L 
0.1  mg/L 

t 


*Detection  limits  for  volatile  aromatics  and  volatile  halocarhons  shall  be  as 
specified  for  compounds  listed  in  EPA  methods  601  and  602. 

**For  TOX  and  TOC  analyses,  report  the  noise  levels  of  the  analytical  instru¬ 
mentation.  Laboratory  water  used  as  a  blank  must  show  a  level  less  than  three 
times  the  noise  level,  or  be  corrected  for  before  reporting  of  results.  TOC 
samples  must  be  treated  to  remove  inorganic  carbon  and  results  reported  as 
nonpurgeable  TOC. 
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PROFESSIONAL  PROFILES  OF  PROJECT  PERSONNEL 


Peter  J.  Marks 


Fields  of  Competence 

Project  management;  environmental  analytical 
laboratory  analysis;  hazardous  waste,  groundwater  and 
soil  contamination;  source  emissions/ambient  air 
sampling;  wastewater  treatment;  biological  monitoring 
methods;  and  environmental  engineering. 

Experience  Summary 

Eighteen  years  in  Environmental  Laboratory  and  En¬ 
vironmental  Engineering  as  Project  Scientist,  Project 
Engineer,  Process  Development  Supervisor,  and 
Manager  of  Environmental  Laboratory  with  WESTON. 
Experience  in  analytical  laboratory,  wastewater  surveys, 
hazardous  waste,  groundwater  and  soil  contamination, 
DoD-specific  wastes,  stream  surveys,  process  develop¬ 
ment  studies,  and  source  emission  and  ambient  air 
testing.  In-depth  experience  in  pulp  and  paper,  steel, 
organic  chemicals,  pharmaceutical,  glass,  petroleum, 
petrochemical,  metal  plating,  food  industries  and  DoD. 

Applied  research  on  a  number  of  advanced  wastewater 
treatment  projects  funded  by  Federal  EPA. 

Credentials 

B.S.,  Biology— Franklin  and  Marshall  College  (1963) 

M.S.,  Environmental  Engineering  and  Science— Drexel 
University  (1965) 

American  Society  for  Testing  and  Materials 

Water  Pollution  Control  Federation 

Water  Pollution  Control  Association  of  Pennsylvania 

Employment  History 

1965-Present  WESTON 

1963-1964  Lancaster  County  General  Hospital 

Research  Laboratory  for  Analytical 
Methods  Development 


Key  Projects 

USAF/OEHL  Brooks  AFB.  Program  Manager  for  this 
three-year  BOA  contract  provides  technical  support  in 
environmental  engineering  surveys,  wastewater 
characterization  programs,  geological  investigations, 
hydrogeological  studies,  landfill  leachate  monitoring 
and  landfill  siting  investigations,  bioassay  studies, 
wastewater  and  hazardous  waste  treatability  studies, 
and  laboratory  testing  and/or  field  investigations  of  en¬ 
vironmental  instrumentation/equipment.  Collection, 
analysis,  and  reporting  of  contaminants  present  in 
water  and  wastewater  samples  in  support  of  Air  Force 
Environmental  Health  Programs. 

United  States  Army  Toxic  and  Hazardous  Materials 
Agency  (USATHAMA),  Aberdeen  Proving  Ground,  Mary¬ 
land.  Program  Manager  for  three-year  basic  ordering 
agreement  contract  to  provide  research  and  develop¬ 
ment  for  technology  in  support  of  the  DOD  Installation 
Restoration  Program.  The  objective  of  the  Program  is  to 
identify  and  develop  treatment  methods/technology  for 
containment  and/or  remedial  action.  Technology 
development  for  remedial  action  is  to  include  ground- 
water,  soils,  sediments,  and  sludges. 

Confidential  Client,  Ohio.  Project  Manager  of  an  on-going 
contract  to  conduct  corporate  environmental  testing  and 
special  projects  at  client’s  U.S.  and  overseas  plants. 
WESTON  must  be  able  to  assign  up  to  four  professionals  to 
a  project  within  a  two  week  notice. 

Confidential  Client  (Inorganic  and  Organic  Chemicals). 
Product  Manager  of  a  current  contract  to  conduct 
wastewater  sampling  and  analysis  of  plant  effluent  for 
priority  pollutants.  The  project  also  includes  a 
wastewater  treatability  study  to  evaluate  a  number  of 
process  alternatives  for  removal  of  priority  pollutants 
from  the  present  effluent. 

Confidential  Client,  Utah.  Technical  Project  Manager  for 
in-depth  wastewater  survey,  in-plant  study,  treatability 
study,  and  concept  engineering  study  in  support  of  the 
client’s  objectives  to  meet  1983  effluent  limitations. 
WESTON  had  two  project  engineers,  two  chemists,  five 
technicians  and  an  operating  laborator-  m  the  field. 
Field  effort  is  six  months  duration. 
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Professional  Profile 


In  conjunction  with  University  of  Delaware  College, 
WESTON  analyzed  more  than  500  biological  and  marine 
sediment  samples  for  eleven  constituent  trace  metals 
as  part  of  a  program  to  identify  and  trace  the  migration 
of  metals  from  ocean  dumping  of  sludges  on  the  con¬ 
tinental  shelf  off  the  coast  of  the  State  of  Delaware, 
acted  as  Technical  Project  Manager. 

Project  Manager  in  charge  of  a  wastewater  analysis  and 
biological  treatability  project  for  industrial  client  for  the 
identification  and  degradation  of  six  pesticide- 
containing  wastewaters. 

U.S.  EPA  Environmental  Monitoring  and  Support 
Laboratory.  Multi-year  contract  to  provide  reference 
laboratory  analysis  on  QA/QC  samples  produced  from 
the  EPA  Analytical  Laboratory  QA/QC  program. 


Publications 

“Microbiological  Inhibition  Testing  Procedure,” 
Biological  Methods  for  the  Assessment  of  Water  Qual¬ 
ity,  A.S.T.M.  Publication  STP  528. 

“Heat  Treatment  of  Waste  Activated  Sludge”  (with  V.T. 
Stack). 

“Biological  Monitoring  in  Activated  Sludge  Treatment 
Process,”  a  joint  paper  with  Stover/Woldman. 


Registration 


Empioyment  History 


Registered  Professional  Geologist  in  the  State  of 
Indiana 

Fieids  of  Competence 

Groundwater  resources  evaluation;  hydrogeologic 
evaluation  of  sanitary  landfills  and  other  waste  disposal 
sites;  detection  and  abatement  of  groundwater  pollu¬ 
tion;  digital  modeling  of  groundwater  flow  and  solute 
transport;  statistical  analysis  of  geological  and 
geochemical  data;  geochemical  prospecting;  estuarine 
geology  and  geochemistry;  trace  metal  and  aqueous 
geochemistry. 

Experience  Summary 


1979-Present 

WESTON 

1977-1979 

U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station 

1976-1977 

University  of  South  Florida 
Department  of  Geology 

1970-1976 

University  of  Delaware 
Department  of  Geology 

1974-1976 

Earth  Quest  Associates 
President  and  Principal  Partner 

1974  (Summer) 

WESTON 

1966-1970 

United  States  Navy 
Commissioned  Officer 

Seven  years  experience  in  hydrogeology  and 
geochemistry,  involving  such  activities  as;  assessment 
of  subsurface  water  and  soil  contamination;  develop¬ 
ment  of  contamination  profiles;  evaluation  of  remedia¬ 
tion  actions  tor  groundwater  quality  restoration;  quan¬ 
titative  chemical  analysis  of  water  and  soil;  ore  assay 
and  ore  body  evaluation;  drilling  supervisor; 
hydrogeologic  assessment;  pollution  detection  and 
abatement;  estuarine  pollution  analysis;  application  of 
flow  and  solute  transport  computer  models;  computer 
programming;  project  management;  teaching  en¬ 
vironmental  geology  and  geochemistry. 

Credentials 

B.A.,  Geology— Brown  University  (1966) 

M.S.,  Geology— University  of  Delaware  (1973) 

Ph.D.,  Geology— University  of  Delaware  (1979) 

Sigma  Xi,  The  Scientific  Research  Society  of  North 
America 

Geological  Society  of  America,  Hydrology  Division 

National  Water  Well  Association,  Technical  Division 

American  Association  for  the  Advancement  of  Science 

Estuarine  Research  Federation:  Atlantic  Estuarine 
Research  Society 


Key  Projects 

Project  manager  on  seven  task  orders  for  environmental 
assessment  services  at  United  States  Air  Force 
facilities  in  nine  states. 

Task  manager  for  a  Superfund  site  evaluation  in  Ohio. 

Site  manager  for  drum  recovery  operations  in  Penn¬ 
sylvania  and  New  Jersey. 

Project  manager  for  site  assessments  of  oil  and  fuel 
spills  in  four  states. 

Project  manager  for  closure  plan  development  at  a 
hazardous  waste  landfill  in  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemical  manufacturing  in  Delaware. 

Flow  and  solute  transport  digital  model  of  a  heavily- 
pumped  regional  aquifer  in  southern  New  Jersey. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  chemical  manufacturing  in  the  Denver  area. 

Hydrogeologic  impact  assessment  of  on-land  dredge 
spoil  disposal  in  coastal  North  Carolina. 

Geochemical  prospecting  and  ore  body  analysis  in 
Arizona. 


Professional  Profile 


Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  a  hazardous  waste  site  in  northern  New 
England. 

Definition  and  abatement  of  groundwater  contamina¬ 
tion  from  plating  and  foundry  wastes  in  eastern  Penn¬ 
sylvania. 

Operational  test  and  evaluation  of  new  naval  mine  ord¬ 
inances  in  southern  Florida. 

Publications 

"Metals  in  Estuarine  Sediments;  Factor  Analysis  and  Its 
Environmental  Significance”.  Science,  214  (1981): 
441-443. 

"The  Remobilization  of  Trace  Metals  from  Suspended 
Sediments  Entering  the  Delaware  Estuary”.  Presented 
at  the  27th  Annual  Meeting,  Southeastern  Section, 
Geological  Society  of  America,  Chattanooga,  Ten¬ 
nessee,  April  1978. 

"Trace  Metals  in  Delaware  Bay  Sediments  and  Oysters”. 
Presented  at  the  International  Conference  on  Heavy 
Metals  in  the  Environment,  Toronto,  Canada,  October 
1975. 


Marian  R.  Dzedzy 


Fields  of  Competence 

Soil  evaluation  and  suitability  for  specific  use  purposes; 
field  and  laboratory  soils  investigations;  groundv/ater 
pollution  detection  and  abatement. 

Experience  Summary 

Three  years  experience  in  soil  and  hydrogeological  in¬ 
vestigations  including  field  soil  descriptions  and 
evaluations  for  on-site  waste  disposal,  landfill  siting, 
and  liner  construction;  soil  and  groundwater  sampling; 
piezometric  surface  mapping;  pump  test  performance 
and  analysis;  percolation  and  infiltration  tests;  soil  ero¬ 
sion  and  sediment  control  plan  preparation  and  im¬ 
plementation. 

Credentials 

B.S.,  Agronomy— Delaware  Valley  College  of  Science 
and  Agriculture  (1980) 

American  Society  of  Agronomy 

Soil  Science  Society  of  America 

Pennsylvania  Association  of  Professional  Soil  Scien¬ 
tists 

Employment  History 

1980-Present  WESTON 


Key  Projects 

Soils  and  hydrogeologic  investigation  to  determine  ex¬ 
tent  of  trichloroethylene  (TCE)  contamination  from  a 
southeastern  Pennsylvania  metal  processing  plant. 

Evaluation  of  area  soils  to  determine  suitability  as  liner 
material  for  a  secure  landfill  in  western  Pennsylvania. 

Principal  investigator  for  court-ordered  hydrogeological 
and  soils  study  at  a  petroleum  terminal  to  determine  ex¬ 
tent  of  spilled  oil  contamination. 

Preparation  of  state-required  discharge  permits  for  a 
New  Jersey  chemical  manufacturer. 

Soil  suitability  evaluation  for  on-lot  waste  disposal  in 
Chester  County,  Pennsylvania. 

Document  search  and  regulations  review  to  determine 
feasibility  of  in-situ  lagoon  closure  at  DoD  installations. 

Soil  evaluation  to  determine  suitability  for  siting  a  haz¬ 
ardous  waste  landfill. 

Intensive  hydrological  characterization,  including  well 
installation,  testing,  and  monitoring,  at  radioactive 
disposal  sites  in  western  Pennsylvania. 

Soil  and  groundwater  investigations  to  determine  extent 
of  PCB  (poly-chlorinated  biphenyl)  contamination  at  four 
industrial  and  storage  facilities  in  Pennsylvania  and 
New  Jersey. 


Professional  Profile 
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Walter  M.  Leis,  P.G 


A  - 


k.  J 


Registration 

Registered  Professional  Geologist  in  the  States  of 
Georgia  (No.  440)  and  Indiana. 

Fields  of  Competence 

Detection  and  abatement  of  groundwater  contamina¬ 
tion;  design  of  artificial  recharge  wells;  deep  well 
disposal;  simulation  of  groundwater  systems;  hydro- 
geologic  evaluation  of  hazardous  waste  sites  and  land¬ 
fills;  practical  applications  of  geophysical  surveys  to 
hydrologic  systems,  site  investigations,  and  borehole 
geophysical  surveys.  Geochemical  studies  of  acid  mine 
drainage  and  hazardous  wastes. 

Experience  Summary 

Sixteen  years  experience  as  field  hydrogeologist,  field 
supervisor,  project  director,  research  director.  Six  years 
research  involving  two  consecutive  projects;  1)  applica¬ 
tion  of  geophysical  techniques  in  evaluating  ground- 
water  supplies  in  fractured  rock  terrain  in  Delaware  and 
Pennsylvania;  2)  project  director  for  an  artificial 
recharge  and  deep  well  disposal  study.  Provided  con¬ 
sultation  for  waste  disposal  and  aquifer  quality  pro¬ 
blems  for  coastal  communities. 

Developed  geochemical  sampling  techniques  for  deep 
mine  sampling.  Evaluated  synthetic  and  field  hydrologic 
data  for  deep  formulational  analysis  in  coal  field  pro¬ 
jects. 

Earlier  research  experience  involved  developing  tech¬ 
niques  for  mapping  subsurface  regional  structures  hav¬ 
ing  interstate  hydrologic  significance,  and  defining  ore 
bodies  by  geochemical  prospecting. 

Credentials 

B.S.,  Biochemistry— Albright  College  (1966) 

M.S.,  Hydrogeology— University  of  Delaware  (1975) 

Cooperative  Program  Environmental  Engineering- 
University  of  Pennsylvania 


Additional  special  course  work  in  Geology  and 
Hydrology,  Franklin  and  Marshall  College  and  Penn¬ 
sylvania  State  University 

Remote  Sensing  Data  Processing  Training,  Goddard 
Space  Center  (1978) 

OWRR  Research  Fellow,  1973 

National  Water  Well  Association,  Technical  Division. 

Geological  Society  of  America,  Engineering  Geological 
Division. 

Society  of  Economic  Paleontologists  and  Mineralogists 

Employment  History 

1974-Present  WESTON 

1973-1974  University  of  Delaware 

Water  Resources  Center 

1971-1973  University  of  Delaware 

1967-1971  Pennsylvania  Department  of 

Environmental  Resources 

Key  Projects 

Definition  of  groundwater  contamination  from  sanitary 
landfill  leachate  and  recovery  of  contaminants  to  pro¬ 
tect  heavily  used  aquifer  in  Delaware. 

Field  design  studies  for  artificial  recharge  and  waste 
disposal  wells. 

Design  and  construction  of  hydrologic  isolation 
systems  for  various  class  hazardous  wastes. 

Design  and  supervision  of  chemical  and  physical 
rehabilitation  of  groundwater  collection  systems  in  frac¬ 
tured  rock  and  coastal  plain  areas. 

Principal  investigator  for  six  projects  involving  subsur¬ 
face  migration  of  PCB’s  in  New  York,  New  Jersey,  Penn¬ 
sylvania,  and  Oklahoma. 

Design  and  construction  supervision  of  hydrocarbon 
recovery  wells  in  Pennsylvania. 


Professional  Profile 


Geochemical  evaluation  of  coal  mine  pools  In  West 
Virginia. 

Geochemistry  of  subsurface  migration  of  toxic 
substances. 

Principal  investigator  for  eight  projects  involving  migra¬ 
tion  of  volatile  chlorinated  hydrocarbons  in  ground- 
water. 

Mineable  reserve  evaluations  for  coal,  sand  and  gravel, 
limestone,  clay  deposits,  mine  reclamation,  and 
monitoring. 

Design  geophysical  and  remote  sensing  assessments 
of  hazardous  waste  disposal  areas. 

Publications 

Leis,  W.,  and  R.R.  Jordan,  1974,  “Geologic  Control  of 
Groundwater  Movement  in  a  Portion  of  the  Delaware 
Piedmont”,  OWRR-DEL  20. 

Leis,  W.,  1976,  “Artificial  Recharge  for  Coastal  Sussex 
County,  Delaware”,  University  of  Delaware  Press,  Water 
Resources  Center. 

Leis,  W.,  D.R.  Clark,  and  A.  Thomas,  1976,  “Control  Pro¬ 
gram  for  Leachate  Affecting  a  Multiple  Aquifer  System, 
Army  Creek  Landfill,  New  Castle  County,  Delaware”,  Na¬ 
tional  Conference  on  Management  and  Disposal  of 
Residue  on  Land. 

Leis,  W.,  W.F.  Beers,  J.M.  Davidson,  and  G.D.  Knowles, 
1978,  “Migration  of  PCB’s  by  Groundwater  Transport— 
A  Case  Study  of  Twelve  Landfills  &  Dredge  Disposal 
Sites  on  the  Upper  Hudson  Valley,  New  York”,  Pro¬ 
ceedings  of  the  1st  Annual  Conference  of  Applied 
Research  &  Practice  on  Municipal  and  Industrial  Waste. 


Leis,  W.,  R.D.  Moose,  and  W.F.  Beers,  “Critical  Area 
Maps,  a  Regional  Assessment  for  Karst  Topography”, 
Association  of  Engineering  Geologists  1978  Annual 
Meeting. 

Leis,  W.,  and  W.F.  Beers,  “Soil  Isotherm  Studies  to 
Predict  PCB  Migration  Within  Groundwater”,  (Abstract) 
ASTM  1979  Annual  Meeting,  Philadelphia,  Pennsylvania. 

Thomas,  A.,  and  W.  Lein,  “Physical  &  Chemical 
Rehabilitation  of  Contaminant  Recovery  Wells”, 
Association  of  Engineering  Geologists  1978  Annual 
Meeting. 

Leis,  W.,  W.F.  Beers,  and  F.  Benenati,  “Migration  of 
PCB’s  from  Landfills  and  Dredge  Disposal  Sites  in  the 
Upper  Hudson  River  Valley”,  New  York  Academy  of 
Science  Symposium  on  PCB’s  in  the  Hudson  River. 

Leis,  W.,  “Subsurface  Reclamation  by  Counter  Pumping 
Systems;  Geologic  and  Geotechnical  Aspects  of  Land 
Reclamation”,  ASCE/AEG  1979  Symposium. 

Leis,  W.,  and  A.  Metry,  “Field  Characterization  of 
Leachate  Quality”,  Water  Pollution  Control  Federation 
1979  Annual  Meeting. 

Leis,  W.,  and  A.  Metry,  “Multimedia  Pathways  of  Con¬ 
taminant  Migration”,  Water  Pollution  Control  Federa¬ 
tion  1980  Annual  Meeting. 

Leis,  W.,  and  K.  Sheedy,  “Geophysical  Location  of  Aban¬ 
doned  Waste  Disposal  Sites”,  1980  National  Con¬ 
ference  on  Management  of  Uncontrolled  Hazardous 
Waste  Sites. 

Sheedy,  K.,  and  W.  Leis,  1982,  “Hydrogeological  Assess¬ 
ment  in  Karst  Environments  (chapter).” 


John  A.  Williams,  Jr. 


Fields  of  Competence 


Key  Projects 


Geologic  and  geophysical  investigations;  geological 
and  groundwater  sampling  techniques  and  instru¬ 
mentation  technology;  design,  operation,  and  evalua¬ 
tion  of  geophysical  survey,  equipment,  testing  and 
analysis  of  aquifers,  and  groundwater  pollution. 

Experience  Summary 

Three  years  experience  in  geologic  and  geophysical 
investigtions  including  subsurface  profiling  using 
Ground  Penetrating  Radar  (GPR),  electrical  resistivity 
and  electromagnetic  conductivity  for  numerous 
private  and  government  facilities;  groundwater  sam¬ 
pling  and  aquifer  pump  tests,  six  years  experience  in 
bathymetric,  hydrographic  and  biological  studies. 

Credentials 


A.  S.,  Marine  Technology  -  Cape  Fear  Technical 
Institute  (1975) 

B.  S.,  Earth  Science  (Geology)  -  West  Chester  State 
College  (1983) 

Certified  Ground  Penetrating  Radar  Operator 
Certified  NAUI/PADDI  Scuba  Diver 
Geological  Society  of  America 


Employment  History 


1982  -  Present 
1980-1982 

1977-1980 

1976-1977 

1975-1976 


WESTON 

Environmental  Resources 
Management,  Inc. 

WESTON 

Highway  Service  Marineland 
Lawler,  Matusky,  Skelly  Engineers 


Coordinated  and  supervised  geophysical  investiga¬ 
tions  to  locate  buried  drums  and  to  de.ineate  the 
boundaries  of  a  buried  waste  lagoon  for  a  scrap 
recovery  plant  in  Rhode  Island. 

Geophysical  field  investigation  to  locate  buried 
trenches  and  waste  lagoons  for  a  government  facility 
in  California. 

Geophysical  field  investigation,  well  installation  and 
sample  collection  to  determine  the  distribution  of 
leachate,  and  the  extent  of  contamination  in  a  heavily- 
used  aquifer  in  New  York. 

Geophysical  investigation  to  define  the  lateral  and 
vertical  effect  of  fill  deposition  for  a  facility  in 
Massachusetts. 

Soils  investigation  to  determine  the  extent  of  con¬ 
tamination  from  old  waste  lagoons  and  fire  training 
areas  for  a  government  facility  in  Arizona. 

Hydrogeologic  investigation  for  a  scrap  recovery 
facility  in  western  Pennsylvania. 

Responsible  for  deploying  benthic  and  water  quality 
sampling  gear  and  an  electronic  navigation  system  for 
a  dredge  spoils  disposal  study  in  Lake  Erie. 

Geophysical  investigation  (ground  penetrating  radar 
and  electrical  resistivity)  to  locate  buried  drums  and 
delineate  trench  boundaries  for  a  government  facility 
in  Ohio. 
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Theodore  F.  Them,  Ph.D 


Fields  of  Competence 

Inorganic  and  organic  chemistry;  instrumental 
analytical  techniques;  synthesis  of  organic  chemicals; 
laboratory  management;  chemical  research  and  educa¬ 
tion. 

Experience  Summary 

Nine  years  experience  in  inorganic  and  organic 
chemistry  with  strong  synthetic  organic  and  instrumen¬ 
tal  analytical  background.  Experienced  researcher  and 
teacher.  Background  in  conceptualizing,  founding,  ef¬ 
fecting,  and  administering  a  chemical  consulting  firm. 

Credentials 

M.S.,  Chemistry— University  of  New  Mexico  (1975) 
Ph.D.,  Chemistry— University  of  New  Mexico  (1977) 
American  Chemical  Society 
The  Society  of  Sigma  Xi 

Southwest  Association  of  Forensic  Scientists— 
Associate  Member 

Society  of  Applied  Spectroscopy,  Rio  Grande  Section 

Employment  History 


thermal  conductivity,  and  photoionization  detectors.  Ex¬ 
perience  includes  methods  development,  separation  op¬ 
timization,  and  data  reduction. 

Familiarity  with  use,  maintenance,  and  operation  of  gas 
chromatograph/mass  spectrometer/data  system  (GC/ 
MS/DS)  in  separations  and  identifications  of  complex 
mixtures  and  molecules.  Experience  includes  methods 
development,  separation  enhancement,  packed  and 
capillary  column  techniques,  and  data  reduction. 

Familiarity  with  use  and  operation  of  various  infrared, 
nuclear  magnetic  resonance  (NMR),  atomic  absorption 
(AA),  and  liquid  chromatographic  (LC)  instrumentation. 

Familiarity  with  use,  maintenance,  and  operation  of 
Tekmar  Models  LSC-2  and  ALS  purge/trap  and  liquid 
sample  concentrator  devices  and  associated  gas  chro¬ 
matographic  methods. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Model  490  Coal  Analyzer  for  analysis  of  moisture, 
volatiles  and  ash  In  coal. 

Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Sulfur  Analyzer  System  for  analysis  of  sulfur  in 
coal  and  hydrocarbon  fuels. 

Familiarity  with  use,  maintenance,  and  operation  of  Parr 
Adiabatic  Bom  Calorimeter  and  associated  Master  Con¬ 
troller  in  calorimetric  analysis  of  coal  and  coke, 
foodstuffs,  and  fuels. 


1982-Present  WESTON 


1981- 1982  Bell  Petroleum  Services,  Inc. 

1982- 1982  Bell  Petroleum  Laboratories 


Familiarity  with  use,  maintenance,  and  operation  of 
Fisher  Models  Titralyzer  II  (Fixed  End  Point)  and 
Tritrimeter  II  automatic  titration  systems  for  analysis  of 
water  by  pH  or  millivolt-sensitive  methods. 


1977-1981  AnaChem,  Inc. 

Co-Founder,  Vice  President 

1975-1977  University  of  New  Mexico 

Practical  Experience 

Familiarity  with  use,  maintenance,  and  operation  of  gas 
chromatographs  with  flame  ionization,  electron  capture. 


Publications 

Hazardous  Properties  and  Environmental  Effects  of 
Materials  Used  in  Solar  Heating  and  Cooling  (SHAC) 
Technologies:  Interim  Handbook,  J.Q.  Search  (ed.), 
August  1978.  Sandia  Laboratories  report  Sand  78-0842, 
available  from  National  Technical  Information  Service, 
Springfield,  Virginia. 


Professional  Profile 


"Isomerism  in  Complexes  of  Bidentate  Ligands  with 
Enantiotopic  Donor  Atoms",  R.E.  Tapscott,  J.D.  Mather, 
and  T.F.  Them,  Coordination  Chemistry  Reviews,  Vol. 
19,  Nos.  2/3,  September  1979. 

"Stereochemical  Studies  on  Diastereomers  of  Tris 
(2,3-butanediamine)-Colbalt  (III)",  C.J.  Hilleary,  T.F. 
Them,  R.E.  Tapscott,  Inorganic  Chemistry,  Vol.  19,  No. 
102,  1980. 

"Staying  Abreast  of  PCB  Regulations;  TESTING  ’,  R.M. 
Holland  and  T.F.  Them,  Professional  Trade  Publication, 
June  1980. 

"Stereochemistry  of  Arsenic  (III)  and  Antimony  (III)  1,2- 
0ihydroxyEychohexane-1,2-dicarboxylates,"  D.  Mar- 
covich,  E.N.  Ouesler,  R.E.  Tapscott,  and  T.F.  Them,  In¬ 
organic  Chemistry,  1982. 


David  E.  Epps 


Fields  of  Competence 

Field  studies  for  municipal  and  private  groundwater 
supply  and  monitor  well  projects;  state-of-the-art  soil, 
water,  and  air  sampling  techniques  for  hazardous  waste 
sites;  use  of  high  technology,  air  and  water  monitoring 
instruments;  drilling  and  installation  of  groundwater 
monitoring  wells  for  hazardous  waste  sites. 

Experience  Summary 

Experience  in  groundwater  supply  and  hazardous  waste 
projects  including  locating  monitor  and  supply  wells 
and  supervision  of  drilling,  logging,  and  sampling  of  the 
completed  wells.  Determined  aquifer  characteristics  us¬ 
ing  pump  test  data  along  with  computer  modeling. 

Credentials 

B.S.,  Geology— Bloomsburg  State  College  (1983) 
Employment  History 


Key  Projects 

Participated  in  an  investigation  to  assess  the  ground- 
water  contamination  at  a  major  United  States  Air  Force 
base.  The  project  included  drilling  and  installing 
groundwater  monitoring  wells  to  be  sampled  at  regular 
intervals. 

Participated  in  an  investigation  to  assess  the  extent  of  a 
contamination  plume.  Duties  involved  resistivity 
surveys,  complete  priority  pollutant  sampling  of  approx¬ 
imately  20  monitoring  wells,  and  use  of  computer 
groundwater  modeling  techniques  to  determine  possi¬ 
ble  remedial  actions. 

Participated  in  an  investigation  to  determine  hydrologic 
characteristics  of  an  aquifer.  4-  and  12-hour  step  texts 
were  used  to  determine  pumping  rates  for  24-  and 
48-hour  pump  tests.  Water  level  recorders  were  placed 
on  surrounding  monitor  wells  to  determine  water  level 
data  during  the  pump  test.  Recovery  rates  were  also 
measured  at  the  end  of  each  pump  test. 


Present  WESTON 

1983  SMC  Martin,  Inc. 

1981-1982  Earth  Data,  Inc. 


Professional  Profile 


Joseph  R.  Althouse 


Fields  of  Competence 

Data  collection:  wastewater  sampling;  flow  measurement  in 
house  treatability  systems:  analytical  methods  in  wet  labora¬ 
tory:  air  pollution  testing:  maintenance  of  laboratory  and  field 
equipment  for  field  projects;  infiltration  and  inflow  programs; 
construction  estimating:  quantity  take-off:  pricing:  and  on¬ 
site  sewer  construction  inspection. 

Experience  Summary 

Eight  years  experience  in  coordinating  field  equipment  and 
supplies  on  various  projects  ranging  from  stream  surveys  to 
air  pollution  testing.  Experience  in  developing  and  fabricat¬ 
ing  equipment  for  wastewater  sampling.  Sampling  techni¬ 
cian  for  infiltration/inflow  studies,  fish  bioassays:  air  pol¬ 
lution.  and  wastewater  sampling,  construction  estimating 
and  on-site  construction  inspection. 


Employment  History 


1980-Present 

1979-1980 

1974-1979 

1967-1974 

1965-1967 

1963-1965 


WESTON 

Charles  E.  Moore  Associates 
Rexnord  Instrument  Products 
WESTON 

Lukens  Steel  Company 
Firestone  Tire  and  Rubber  Company 


Key  Projects 

Sewer  construction  inspection  for  West  Whiteland  Township, 
Pennsylvania. 

Infiltration/inflow  analyses  and  sewer  system  evaluation  stud¬ 
ies,  including  surface  inspection,  physical  inspection  and 
flow  measurements  for  a  township. 

Source  emissions  and  ambient  air  testing  of  air  pollutants. 

Wastewater  survey  of  a  major  steel  producing  plant  in  Texas 
including  collecting  flow  data  and  wastewater  samples  and 
constructing  and  maintaining  test  equipment. 

Wastewater  survey  of  2  major  electric  power  companies  in 
Pennsylvania  collecting  flow  data  and  wastewater  samples 
for  National  Pollution  Discharge  Elimination  System. 


Professional  Profile 


Fields  of  Competence 

Hydrologic  and  geologic  investigations  of  waste  disposal 
sites;  engineering  properties  of  soil  and  rock;  laboratory 
determination  of  mechanical  properties  of  soils;  laboratory 
investigation  of  physical  properties  of  sulfite  sludges  and 
coal  burning  wastes;  hydrogeological  analysis  of  limestone 
karst  terrains;  optical  and  x-ray  diffraction  analysis  of  geolog¬ 
ical  materials. 

Experience  Summary 

Three  years  experience  in  geotechnical  and  engineering 
geology,  including  hydrologic  and  geological  investigation 
of  landfill  sites,  industrial  waste  disposal  assessment,  evalua¬ 
tion  of  soil  mass  stability  and  bearing  capacity  at  proposed 
sites  of  building  and  tank  structures;  development  of  reme¬ 
dial  actions  for  sinkhole  collapse  around  structures  in  lime¬ 
stone  terrains;  supervision  of  engineering  of  laboratory 
programs  for  soil  and  waste  material  testing 

Credentials 

B.S  — LaSalle  College  (1969) 

M.A.  Geology— Temple  University  (1976) 

Graduate  course  work  in  soil  mechanics,  engineering  geol¬ 
ogy  and  hydrology— Drexel  University  (1979-1981) 

Geological  Society  of  America.  Engineering  Geology 
Division 

U  S  National  Group  of  Engineering  Geology 
Philadelphia  Geologic  Society 

Employment  History 

1981 -Present  WESTON 

1979-1981  Valley  Forge  Laboratories 

Devon.  Pennsylvania 
Engineering  Geologist 
Supervisor,  Soils  and  Materials  Testing 
Laboratory 

1978-1979  Ambric  Engineering 

Philadelphia,  Pennsylvania 
Field  Geologist 


1976-1977  American  Cancer  Society 

Philadelphia,  Pennsylvania 
Director  of  Development  and  Educa¬ 
tion 

1972-1975  Temple  University 

Department  of  Geology 
Teaching  and  Research  Assistant 

1969-1971  City  of  Philadelphia 

Department  of  Licenses 
and  Inspections 
Housing  and  Fire  Inspector 

Key  Projects 

Supervision  of  investigations  in  New  Jersey  and  Pennsylva¬ 
nia  to  determine  subsurface  conditions  at  proposed  waste 
disposal  sites.  Studies  included  developing  geologic  profiles 
of  the  sites,  locating  groundwater,  and  determining  the  engi¬ 
neering  properties  of  undisturbed  and  remolded  soils 

samples. 

Project  Manager  and  Principal  Investigator  for  a  subsurface 
investigation  to  determine  soil  conditions  at  the  proposed  site 
of  55,000  barrel  fuel  storage  tanks  in  a  flood  plain  area  in 
northeast  Pennsylvania.  Supervised  soil  borings  and  per¬ 
formed  analyses  to  predict  settlement  probabilities  for  flexi¬ 
ble  pad  foundations. 

Investigated  geologic  and  hydrologic  conditions  in  an 
expanding  suburban  area  in  southeastern  Pennsylvania  to 
determine  past  and  future  impacts  of  on-site  sanitary 
systems. 

Supervised  exploratory  drilling  and  developed  foundation 
recommendations  for  proposed  building  construction  proj¬ 
ects  in  southeastern  Pennsylvania. 

Conducted  site  investigations  in  limestone  sinkhole  areas  to 
develop  recommendations  for  remedial  action  around  threat¬ 
ened  structures 

Developed  and  directed  a  testing  program  to  evaluate  prelim¬ 
inary  rock  anchor  designs  in  a  sewage  facility  construction 
project.  Montgomery  County,  Pennsylvania 

Supervised  laboratory  testing  program  for  sulfite  sludges  and 
coal  burning  wastes  Evaluated  alternative  methods  of  physi 
cal  and  chemical  stabilization  of  the  wastes,  and  developed 
applications  for  stabilized  material  in  landfill,  and  earth  stabili¬ 
zation  problems 


Professional  Profile 


Publications 


Johnson,  R.  and  Myer,  G..  “Sillimanite  Nodules  in  the  Wissa- 
hickon  ^hist.  Philadelphia,”  Journal  of  the  Pennsylvania 
Academy  of  Sciences,  vol.  49, 1975. 


APPENDIX  D 


BORING  LOGS  AND  WELL  COMPLETION  SUMMARIES 


CONtlA’MaTS 


SKETCH  MAP 


DRILLING  LOG 

WELL  NUMBER:  ^ _  OWNER. _ 

LOCATION:  I _  ADDRESS: 


SURFACE  ELEVATION: 


TOTAL  DEPTH  . 
WATER  LEVEL: 


DRILLING  DRILLING.  DATE 

COMPANY: 0-6. .  MFTHnn- C^\o\d'Tool  non  i  pn  ■Spec, 

DRILLER  '  >-ic  ocn  T,.^  rt.  ^  Pt-t-  I'iii 


HELPER:  ^ 


LOG  BY: 
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^oar  Q./Q  '/3(?S 


nib>L  St:?!  Ley€:L^ 

=  0iZ  Cr^OU/J  ^ 

S  F ^  <Li£~ 
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DRILLING  LOG 

WELL  NUMBER  ...liiiilLZ _  OWNER:  U-^  AP 

LOCATION: _  ADDRESS: _ 


_  TOTAL  DEPTH . 

SURFACE  ELEVATION: _  WATER  LEVEL: 


DRILLING  _  DRILLING  ,  /  -  ^ 

COMPANY:j^A^,->-/MtiK^  MPTHOn  fffe  A 

DRILLER:  C-» _ HELPER. _ 


DATE  lZ-1-i 

DRII  I  ED  IZ- 


LOG  BY: 


t€y*e*iT/  0evTi>^iW~ 


/^ey>,Aj  scTt  ceveL. 
tsenoto 
^•■'t^lFACC 


NATVdAl.  5/fl/u-b 
Aa/i>  oTTOuiA  Fetter  SA^h 
36  -  5"/ '  ec-^ 


SKETCH  MAP 


DRILLING  LOG 


WELL  NUMBER:. 
LOCATION: _ 


SURFACE  ELEVATION:. 


OWNER:. 


ADDRESS: 


TOTAL  DEPTH 


WATER  LEVEL: . 


DRILLING  <  o  u  DRILLING  ^  ^  .  DATE 

COMPANY:  O.. C-  |  a  ttg r-yn  METHOD  fl»0^  ORll  I  Fn  JL  P>gc.  l^iiS 


DRILLER:  ^  g  Ptv  H<- n 
LOG  BY:  UJ,  (/itvi/hS 


HELPER:  T- 


asm* 


DRILLING  LOG 

WELL  NUMBER:  KAbJ>- 6 _  OWNER: 

LOCATION: _  ADORES 


SURFACE  ELEVATION: 

DRILLING  ^  ^  , 

COMPANY:  “S  C  - 

DRILLER: 


LOG  BY:  J, 


TOTAL  DEPTH . 
WATER  LEVEL: 


DRILLING 


o  -  ^ 


2.- 


:27  '  3  3 


t€**e*iT / 

^ooT  0-z^'a<ps 


AierAN  €erA  Level. 
/sCLOiC  c^ooAJbk 
ce 


NATVR.AL.  SAt^'!> 

A*l\>  omAoA  FLtAiT  SA/^h 
-?7-  t  3  '  6<S-^ 


SKETCH  MAP 


DRILLING  LOG 


WELL  NUMBER;. 
LOCATION. _ 


OWNER. 

ADDRESS: 


TOTAL  DEPTH 


SURFACE  ELEVATION: _  WATER  LEVEL; 

DRILLING  A  /vi,/-.,  DRILLING  ^  DATE 

COMPANY:  mfTHDD  HRIi  i  Pn  n~h  -^1 

DRILLER  HELPER. _ 


LOG  BY:  , 


DESCRIPTION /SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 


5‘/  -6o  . 


*  A  S  T  M  D1506 


DRILLING  LOG 

WELL  NUMBER:  VWjJi  3 

OWNER: 

LOCATION: 

ADDRF.«;.«;- 

SKETCH  MAP 


SURFACE  ELEVATION:. 


TOTAL  DEPTH. 
WATER  LEVEL: . 


DRILLING  ^  ^  DRILLING 

COMPANY:  ^  ^  MFTHOn  C 


DATE 

_ DRILLED  ^  r>ec.  <f\ 


DRILLER:  SX- 
LOG  BY:  T>  ^003 


HELPER.  -P/>>Trge<so 


NOTES: 


Dec.  T>-r> 


DESCRIPTION  /  SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 


3^  5'? 


V4  45 


C5t  H- 
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Fi*0)G^  - 


c\  va-^I  C\  o. 


C4^ 


“So  +i-^r6. 


ASTM  oisee 


<!A/'b 

Ft-H^T  SA/^h 


DRILLING  LOG 

WELL  NUMBER. 

OWNER: 

LOCATION: 

ADDRF.e;.*! 

SKETCH  MAP 


’ll' 


55-- 58 


“5^  ■  loo 


SURFACE  ELEVATION:. 

DRILLING  .  ^  ^ 

COMPANY. 

DRILLER:  *5^  ■  v 
LOG  BY: 


_  TOTAL  DEPTH. 

_  WATER  LEVEL: 

DRILLING  ..  . 


HELPER:  31^ 


NOTES: 


DESCRIPTION  /  SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 
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Mc(  I  H\ 
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SHEET 


DRILLING  LOG 


WELL  NUMBER:  ^AUJ^lO  OWNER: _ 

LOCATION. _  ADDRESS; 


SURFACE  ELEVATION: _ 

DRILLING  t 
COMPANY: 

DRILLER:.  _ 


_  TOTAL  DEPTH  _ 

-  WATER  I  FVFI  ~7v  O _ 

DRILLING  DATE  /Z-l 

METHOD: _ DRII 1  ED 

_  HELPER-  /Uh  _ 


LOG  BY: 


NOTES. 


DESCRIPTION /SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 


BY _  DATE 

CHKD  BY _  DATE 

PROJECT _ 

SUBJECT _ 


DIV_ 

DEPT 
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W.O.  NO _ 
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A/\//n0€n^ 

D-21 
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*  V,^  coiA*’*NH 


DRILLING  LOG 

WELL  NUMBER: 

LOCATION: _ 


SURFACE  ELEVATION:. 

DRILLING  n  ^ 
COMPANY:  -IMi 


OWNER: _ tt: 

ADDRESS: _ 


TOTAL  DEPTH. 
WATER  LEVEL: 


DRILLER:  P}  f _ 

LOG  BY: 


DRILLING 
METHOD: 

_  HELPER: 


DESCRIPTION /SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 
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SKETCH  MAP 


DRILLING  LOG 


WELL  NUMBER; . 
LOCATION. _ 


SURFACE  ELEVATION: 
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LOG  BY:  (i 


DESCRIPTION /SOIL  CLASSIFICATION 
(COLOR,  TEXTURE,  STRUCTURES) 
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Where : 

D  =  Depth  in  feet 

C  =  Velocity  of  light 

t  =  Pulse  travel  time  in  nanoseconds 

Er  =  Relative  dielectric  constant  of  material 

r 

Vm  =  Velocity  of  propagation  in  material  =  — ^ 

The  conductivities  and  dielectric  constants  of  various 
materials  are  presented  in  Table  A-1.  The  presence  of 
water  and  the  chemical  state  of  the  water  has  the  greatest 
effect  on  the  dielectric  constant  and  conductivity. 

The  penetration  depth  of  the  GPR  system  is  dependent  upon 
the  effective  conductivity  of  the  material  being  probed. 

In  highly  conductive  materials,  the  GPR  signal  is  rapidly 
attenuated,  severely  limiting  the  penetration  depths.  For 
example,  penetration  through  wet  clay  is  only  about  five 
feet,  and  penetration  in  sea  water  deteriorates  to  less 
than  a  foot.  This  is  in  contrast  to  penetration  depths 
through  low  conductivity  materials,  such  as  dry  sand  or 
rock,  which  can  reach  depths  of  perhaps  as  much  as  100 
feet.  The  depth  of  penetration  of  the  signal  is  also 
dependent  upon  the  frequency  content  of  the  pulse.  Generally, 
lower  frequency  components  propagate  to  the  greatest  depths, 
but  higher  frequency  components  provide  to  better  resolution. 
Therefore,  selection  of  the  antenna  with  the  proper  fre¬ 
quency  response  is  important  to  achieving  the  desired  results. 


Interpretation  of  GPR  Data 

The  graphic  recorder  produces  a  profile  by  printing  strong 
signals  (amplitudes  higher  than  print  threshold)  as  black 
and  weak  signals  as  white  (see  Figure  A-2) .  The  result 
is  the  display  of  dark  bands  that  extend  throughout  the 
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Sketch  of  a  Single 
GPR  Pulse  and  its 
Reflections  as  Seen 
by  the  Receiver. 


Example  of  Profile 
Information  as  Displayed 
by  the  Graphic  Recorder. 


Figure  A-2:  Example  of  Ground  Penetrating  Radar  Profile  Data 


Figure  A-1:  Block  Diagram  of  the  Ground 
Penetrating  Radar  (GPR)  Unit 


portion  of  the  signal  is  reflected  and  the  remaining 
portion  continues  through  the  interface.  The  reflected 
pulse  is  collected  by  the  antenna  transceiver,  and  it  is 
this  signal  which  is  recorded  as  data.  (See  Figure  A-1) 

The  reflected  signals  received  by  the  antenna  receiver 
are  converted  to  the  audio  frequency  range  which  is  pro¬ 
cessed  by  the  radar  control  unit.  Processing  is  an 
operator-initiated  procedure  which  selects  and  enhances 
that  portion  of  the  data  which  is  of  greatest  importance 
to  the  objective  of  the  survey.  The  processed  data  is 
then  sent  to  the  graphic  recorder  which  produces  a  per¬ 
manent  chart  or  profile  of  the  subsurface  interfaces. 

The  processed  data  may  also  be  sent  to  the  tape  recorder, 
thereby  providing  a  data  log  which  can  be  reprocessed  or 
printed  at  a  later  date.  The  primary  advantage  of  tape 
recording  data  is  that  its  use  allows  data  to  be  taken  as 
much  as  16  times  faster  than  with  the  graphic  recorder. 


An  example  of  GPR  signal  structure  and  the  resulting  pro¬ 
file  is  shown  in  Figure  A-2.  The  received  signal  consists 
of  three  components: 

•  Transmitted  pulse 

•  Surface  reflection 

•  Interface  reflections 

A  continuous  stream  of  received  pulses  is  fed  into  the 
graphic  recorder  and  a  profile  is  produced.  The  horizontal 
scale  is  dependent  upon  the  traverse  speed  of  the  antenna 
across  the  ground.  The  vertical  scale  is  dependent  upon 
the  travel  time  of  the  GPR  pulse.  The  travel  time  may  be 
converted  into  a  depth  scale  if  either  the  dielectric  con¬ 
stant  of  the  medium  being  probed  or  the  depth  to  a  specific 
interface  is  known.  Depth  wouJd  be  calculated  by  the 
following  relationship: 


GROUND  PENETRATING  RADAR 


Introduction 


GPR  is  used  on  land  surveys  to  map  interfaces  such  as 
changes  in  soil  types,  bedrock  and  other  soil  and  geo¬ 
logical  characteristics.  It  is  also  used  to  locate 
artifacts  such  as  pipes,  barrels,  cables,  and  conduits. 
When  GPR  is  used  in  over-water  surveys,  it  is  capable  of 
mapping  the  same  interfaces  as  on  land.  It  can  also  be 
used  to  measure  ice  thickness  and  to  profile  the  bottom 
of  rivers  and  lakes. 


Components 


GPR  is  an  impulse  radar  system  that  provides  a  continuous 
profile  of  subsurface  conditions  by  radiating  electro¬ 
magnetic  pulses  into  the  earth  (or  water)  and  displaying 
the  reflections  from  surface  and  subsurface  interfaces  on 
a  strip-chart  recorder.  The  system  is  composed  of  five 
major  components; 

•  Power  distribution  unit  -  provides  proper 
AC/DC  voltages  to  all  GPR  equipment 

•  Radar  Control  Unit  -  Triggers  antenna 
transmitter  and  processes  received  data 

•  Antenna  Transceiver  -  Radiates  electro¬ 
magnetic  pulses  into  the  earth  and 
receives  reflections 

•  Graphic  Recorder  -  Produces  chart  of  the 
subsurface  profile 

•  Tape  Recorder  -  Records  data  on  the  tape 
for  future  processing 

The  radar  control  unit  triggers  the  antenna  transmitter  to 
produce  the  electromagnetic  pulse,  which  it  shapes  into 
Quasi-Gaussian  form  and  radiates  it  through  the  broad-band 
antenna.  The  transmitted  pulse  travels  through  the  sub¬ 
surface  until  it  encounters  an  interface  (i.e.  a  change  or 
discontinuity  in  electrical  properties  such  as  a  soil  or 
geological  boundary  or  an  imbedded  object  such  as  a  drum, 
boulder,  etc.).  Once  the  pulse  reaches  the  interface,  a 
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profile  at  varying  depths.  These  bands  represent  the  re¬ 
flection  from  an  interface  between  two  materials. 

The  antenna  has  a  fairly  broad  radiation  pattern  within 
the  ground.  The  radiation  pattern  is  conical  in  shape 
with  the  apex  at  the  center  of  the  antenna  and  an  included 
angle  of  approximately  90°.  For  flat  reflecting  surfaces, 
such  as  soil  interfaces,  it  is  the  energy  that  is  directed 
straight  down  and  reflected  that  the  antenna  receives. 
However,  for  round  objects  such  as  pipes  and  barrels, 
there  are  many  surfaces  which  are  normal  to  the  antenna 
pattern  as  it  passes  over  the  object  at  right  angles.  The 
result  is  a  unique  signature  as  shown  in  Figure  A-3. 


Figure  A-3:  Typical  Signature  of  a  Buried  Pipe 
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1.0  Gtneral  Information 
1.1  Vie  Magnetic  Environment 


Figure  1  is  a  map  of  the  total  intoisity  of  the  earth's  magnetic 
field  in  kilogammas  (ky) .  Comparison  of  the  magnitude  of  these 
values  with  those  on  the  Range  Switch  of  the  MF-2-100  indicates 
that  the  instrument  has  a  world  wide  range.  The  contours  on 
Figure  1  are,  however,  undisturbed  background  values  which  might 
be  altered  considerably  by  localized  magnetic  bodies.  This 
should  be  considered  when  selecting  the  proper  Range  Switch 
setting  after  entering  an  unknown  area. 

Superimposed  on  the  map  are  two  dashed  horizontal  lines  marked 
±45°.  These  are  the  contours  of  45°  inclination  of  the  total 
field.  It  should  be  remembered  that  toward  the  poles  the 
strongest  component  of  the  earth's  field  is  vertical,  while 
between  the  lines,  in  equatorial  regions,  the  horizontal  com¬ 
ponent  is  most  important.  These  facts  will  be  of  importance 
when  setting  up  the  instrument  as  outlined  in  Section  3.4. 

For  accurate  measurements,  the  sensor  has  to  be  exposed  to  a 
"clean"  magnetic  environment.  Objects  carried  by  the  operator 
such  as  metal  parts  on  clothing,  knives,  or  pencils  are  frequently 
magnetic  and  can  severely  affect  the  results. 

To  establish  if  an  object  is  magnetic,  the  sensor  is  set  up  in 
a  stationary  position  and  the  readings  compared  first  with  the 
object  removed  and  then  with  the  object  in  the  position  with 
respect  to  the  sensor  in  which  it  is  to  be  carried.  Various 
orientations  of  the  object  should  be  tried  as  certain  positions 
may  not  affect  the  reading.  Small  objects  such  as  a  screwdriver, 
file  etc.  can  give  anomalies  ranging  between  5  and  150  gammas 
when  they  are  placed  within  1  m  of  the  sensor.  Large  objects 
such  as  an  automobile  or  an  iron  fence  could  give  anomalies 
between  40  and  2000  gammas  when  within  10m  of  the  sensor. 

During  magnetic  storms  the  intensity  of  the  field  is  subject  to 
rapid  fluctuations,  which  are  usually  immediately  apparent  even 
in  relatively  short  measuring  periods.  If  these  fluctuations 
are  of  sufficiently  large  amplitude,  the  measurements  may  be 
severely  impaired  and  have  to  be  suspended  for  the  duration  of 
the  disturbance. 


1.2  The  Magnetic  Method 

The  magnetic  method  of  applied  geophysics  consists  of  measuring 
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accurately  the  resultant  magnetic  field  of  the  earth's  magnetism 
acting  on  rock  formations  having  different  magnetic  properties 
and  configurations.  The  resultant  field  is  the  vector  svun  of 
induced  and  remanent  magnetism.  Thus,  there  are  three  factors, 
excluding  geometrical  factors,  which  determine  the  magnetic  field 
at  any  particular  locality.  These  are:  1)  the  strength  of  the 
earth's  magnetic  field;  2)  the  magnetic  susceptibilities  of  the 
rocks  present  and;  3)  their  remanent  magnetism. 

The  earth's  magnetic  field  can  be  represented  to  a  close  approxi¬ 
mation  as  the  field  due  to  a  bar  magnet  situated  near  the  center 
of  the  earth.  Both  the  polarity  and  the  orientation  of  this  bar 
magnet  are  variable.  At  the  present  time,  the  general  orientation 
of  this  imaginary  magnet  is  NNW. 

The  flux  lines  of  the  geomagnetic  field  are  vertical  at  the  north 
and  south  magnetic  poles  where  the  strength  is  approximately 
60,000  Y.  At  the  equator,  the  field  is  horizontal  and  its 
strength  is  approximately  30,000  y.  The  geomagnetic  field  is 
variable  in  both  space  and  time.  The  spatial  variation  has  mag¬ 
nitude  and  direction  components  and  these  must  be  taken  into 
account  when  magnetic  measurements  are  taken  over  large  areas. 

The  temporal  variation  is  perhaps  more  troublesome.  Significant 
time  variations  may  occur  within  periods  of  seconds,  minutes 
and  hours.  There  are  also  long  term  variations  extending  over 
months,  years  and  millions  of  years,  but  this  secular  variation 
can  be  neglected  in  magnetic  surveys.  The  magnitude  of  the 
short  term  variations  is  extremely  variable  and  in  the  case  of 
sudden  magnetic  storms  may  reach  several  hundred  gammas.  This, 
means  that  in  magnetically  active  areas,  it  may  be  necessary  to 
take  continuous  readings  of  the  geomagnetic  field  with  a  base 
station  magnetometer,  such  as  an  MF-2-100  or  MBS-2  equipped  with 
a  recorder,  while  the  magnetic  survey  is  being  done.  An  alter¬ 
native  field  procedure  is  to  make  periodic  repeat  measurements 
at  convenient  traverse  points. 

The  intensity  of  magnetization  induced  in  rocks  by  the  total 
geomagnetic  field  F  is  given  by: 


where 

is  the  induced  magnetization  in  cgs  units 
k  is  the  volume  magnetic  susceptibility 
F  is  the  strength  of  the  geomagnetic  field 
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For  most  materials,  k  is  very  much  less  than  1.  If  k  is  nega¬ 
tive,  the  body  is  said  to  be  diamagnetic.  Examples  are  quartz, 
marble,  graphite  and  rock  salt.  If  k  is  positive,  but  very 
small,  the  body  is  said  to  be  paramagnetic,  examples  of  which 
are  gneiss,  pegmatite,  dolomite  and  syenite.  If  k  is  positive 
and  the  body  is  strongly  magnetic,  it  is  said  to  be  ferromagne¬ 
tic,  for  example,  magnetite,  for  which  k  -  0.3. 

The  susceptibility  of  a  rock  is  mostly  determined  by  its  magne¬ 
tite  content  since  this  mineral  is  so  strongly  magnetic  and  so 
widely  distributed.  Other  magnetic  minerals  include  titanomag- 
netite,  ilmenite  and  pyrrhotite. 

The  remanent  magnetization  of  a  rock  depends  both  on  its  compo¬ 
sition  and  previous  history.  Whereas  the  induced  magnetization 
is  always  parallel  (rarely  anti-parallel)  to  the  direction  of 
the  geomagnetic  field,  the  natural  remanent  magnetization  may 
bear  no  relation  whatsoever  to  the  present  direction  and  inten¬ 
sity  of  the  earth's  field.  The  remanent  magnetization  is 
related  to  the  direction  of  the  earth’s  field  at  the  time  the 
rock  was  last  magnetized.  Movement  of  the  body  through  tectonic 
activity  and  the  chemical  history  since  the  previous  magneti¬ 
zation  are  additional  factors  which  affect  the  magnitude  and 
direction  of  the  remanent  magnetic  vector. 

Thus,  the  resultant  magnetization  M  of  a  rock  is  given  by: 

M  =  M„  +  kF 

where  is  the  natural  remanent  magnetization.  F  is  a  vector 
which  can  be  completely  specified  by  its  horizontal  (H)  and  ver¬ 
tical  (Z)  components  and  by  the  declination  (D)  from  true  north. 
Similarly,  is  specified  when  its  magnitude  and  direction  are 
known . 

Thus,  considerable  simplification  results  if  Mj,  =  0,  whereupon 
M  merely  reduces  to  kF.  In  the  early  years  of  magnetic  pros¬ 
pecting,  it  was  usually  assumed  that  there  was  no  remanent 
magnetization.  However,  it  has  now  been  established  that  both 
igneous  and  sedimentary  rocks  possess  remanent  magnetization, 
and  that  the  phenomena  is  a  widespread  one. 

1.3  Description  of  the  MF‘2-100 

The  MF-2-100  is  a  rugged,  lightweight  and  easy  to  operate  magne¬ 
tometer  which  is  used  for  magnetic  surveys  and  for  base  station 
magnetic  field  recording. 
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The  standard  MF-2-100  measures  relative  values  of  the  vertical 
magnetic  field  intensity  (AZ) .  When  attached  with  the  external 
sensor  it  is  capable  of  measuring  the  relative  values  of  other 
components  such  as  the  total  field  (F)  or  the  horizontal  magnetic 
field  intensity  (AH).  Thus,  it  is  an  extremely  versatile  instru¬ 
ment  which  can  give  all  the  components  necessary  to  specify  the 
relative  value  and  direction  of  F.  It  can  also  be  used  to 
measure  the  remanent  magnetization  (M)  and  the  magnetic  suscep¬ 
tibility  (K)  of  rock  samples. 

The  instrument  is  of  the  fluxgate  type.  It  will  give  readings 
of  the  magnetic  field  with  a  precision  of  1  y  when  used  with  a 
tripod,  otherwise  with  a  precision  of  about  5  y,  if  hand  held. 

Its  accuracy  is  not  impaired  even  in  the  presence  of  steep 
magnetic  gradients.  Its  measuring  range  is  200,000  y»  so  that 
it  can  be  used  in  any  region  from  the  north  to  south  pole.  A 
simple  adjustment  converts  the  polarity  setting  from  the  noithem 
to  the  southern  hemisphere  or  vice  versa.  The  construction  of 
the  instrument  allows  it  to  be  used  under  any  temperature  that 
the  operator  can  tolerate. 

The  readings  are  displayed  on  an  analog  meter  and  can  be 
recorded  for  base  station  use  by  connecting  the  magnetometer  to 
an  analog  recorder.  The  instrument  is  powered  either  by  a  non- 
rechargeable  external  battery  pack  or  by  rechargeable  batteries 
inserted  internally;  which  brings  the  total  weight  to  less  than 
3  kg.,  making  the  magnetometer  extremely  portable. 

Standard  Items  for  the  MF-2-100 
1  Instrument 
1  Strap 
1  Case 

1  External  Battery  Pack 
16  "C  Cell  Batteries 
1  Non-Magnetic  Belt 
1  Manual 

Optional 

3  Rechargeable  Batteries 
1  Battery  Charger 
1  Charger  Cable 

1  Recorder  Cable  -  External  Batteries 
1  Recorder  Cable  -  Internal  Batteries 
1  Single  Channel  Recorder 
1  External  Sensor 

Tripod 

1  Carrying  Case  (for  instrument  and  tripod) 

1  Major  Spare  Parts  Kit 
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t.4  ApplIcBtlons  o1  thB  MF’2-100 


GtotoQiaxJL  Mapping 

Readings  taken  with  the  MF-2-100  are  normally  presented  as  pro¬ 
files  and  as  contoured  maps.  These  are  now  routinely  used  as 
integral  parts  of  geological  mapping  programs.  Qualitative 
interpretation  of  these  maps  and  profiles  assists  in  the  identi¬ 
fication  of  surface  rocks,  in  mapping  their  distribution,  in 
indicating  sub-surface  plutons  and  in  revealing  structural 
features.  Quantitative  interpretation  provides  depth,  dip  and 
strike  of  magnetic  rock  types,  linear  features  and  estimates  of 
magnetic  susceptibility. 

For  most  geophysical  surveys  only  the  vertical  component  of  the 
magnetic  field  is  measured  with  a  fluxgate  magnetometer. 

Special  projects,  generally  for  research  purposes,  measure  the 
horizontal  component  to  gain  more  detail  about  geologic  struc¬ 
ture. 


ExplofiatLon  Inon  cuxd  A&6ooLatzd  Mcne.Aal6 
Certain  types  of  iron  deposits  are  strongly  ferromagnetic.  The 
MF-2-100  is  an  excellent  instrument  to  use  in  exploring  for  such 
deposits.  It  can  be  used  in  the  extremely  high  magnetic  gra¬ 
dients  that  would  be  associated  with  this  type  of  deposit. 

Under  some  circumstances,  the  grade  and  tonnage  of  the  deposit 
may  be  estimated. 

In  other  cases,  the  strong  magnetic  field  is  a  guide  not  to  iron, 
but  to  associated  metals  such  as  nickel,  chrome  and  asbestos. 


Inan  Objects 

Iron  objects  hidden  from  view  will  have  an  associated  magnetic 
field,  the  strength  of  which  will  depend  on  the  size  of  the  ob¬ 
ject  and  the  depth  of  burial.  A  lightweight,  sensitive  instrument 
such  as  the  MF-2-100  can  be  used  to  find  such  objects. 


AfLcJiazotogical  ExploAotLon 

This  is  an  extension  of  the  use  of  the  MF-2-100  to  find  iron 
objects.  At  some  archaeological  sites  the  contrast  in  magnetic 
properties  between  cultural  features  (iron  tools,  bricks,  potter>', 
etc)  and  the  surrounding  medium  is  sufficient  to  produce  a  mag¬ 
netic  effect  that  is  detectable  with  a  sensitive  magnetometer. 

Such  features  as  buried  walls,  pathways,  entrances,  fire-pits, 
etc.  have  all  been  detected  and  mapped  by  portable  magnetometers, 
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2J0  Specifications 

The  MF-2-100  conforms  to  the  following  technical  specifications: 

Ue^ejL  Ranges 

From  100  gammas  to  100,000  gammas  full  scale  in  seven  switch 
selectable  steps,  reversible  in  polarity. 

Meo^uAcng  Rangz 

-100,000  *100,000  gammas  relative  to  a  given  zero  field  level, 

latitude.  Bucking  [zcfua  gamma  tcveZ  adjustment} 

Range  is  100,000  gammas  in  9  steps  of  10,000  gammas  plus  fine 
control  of  0  to  10,000  gammas  by  ten  turn  potentiometer.  Northern 
Hemisphere  -20,000  to  +80,000  gammas  absolute.  Southern  Hemi¬ 
sphere  -20,000  to  +80,000  gammas  absolute. 

Opz^LOting  T empeJULtuM.  Range 
-40°  to  +50°C. 

Resolution 

+0.5%  of  full  scale  on  all  meter  ranges. 

PeAming 

Less  than  1  gamma/oersted. 

MeteA 

Taut  band  suspension. 

100  scale  is  53  mm  long  with  50  divisions. 

300  scale  is  48  mm  long  with  60  divisions. 

Noise  Level 

Less  than  1  gamma  peak  to  peak  from  DC  to  3  Hz . 

TempeAotuAe  Coe  indent 
Less  than  1  gamma/°C. 

Electnical  Response 

3  db  down  from  DC  to  3  Hz  on  most  sensitive  range. 

RecoAding  Output 

Standard:  For  high  impedance  recorder  (1  megohm). 

Optional:  For  low  impedance  recorder. 

BatteAies 

Standard:  Remote  batteiy-  pack  containing  16  "C"  cells  and  with 
a  1  meter  cable,  designed  to  be  carried  on  a  belt. 

Optional:  Internal  rechargeable  batteries.  Three  6  volt,  lamp- 


hour  Centralsb  GC  6101  sealed  lead  acid  cells.  8  hour  recharge 
time. 

BeUtzny  Tc6t 
Readable  on  meter. 

BotteAx/  Chajige.^ 

IIOV  to  220V  AC,  50/60  Hz  or  24  to  28V  DC  supply.  Automatic 
charge  rate  and  cutoff  preset  for  Centralab  GC  6101  batteries. 

PoweA,  Consumption 

60  milliamperes .  GC  6101  batteries  rated  for  16  hours  continuous 
use.  30  hours  of  operation  with  Leclanche  type  C  cells. 

TfUpod 

Aluminum.  Single  shaft  with  3  collapsible  legs  and  swivel  head 
which  screws  easily  into  base  of  magnetometer. 

OptionaZ  Umote.  Senson 

Sensor  assembly  is  installed  in  a  small  tube  on  an  8  meter  cable. 
Internal  sensor  is  automatically  eliminated  when  remote  sensor 
is  connected  to  console. 

UeZghXs  6  VZme.nsion6 

Standard  console  1.7  kg;  160  x  70  x  255  mm. 

Standard  battery  pack  1.2  kg;  38  x  140  x  259  mm. 

Console  with  rechargeable  batteries  2.5  kg;  160  x  70  x  255  mm. 
Battery  charger  1.1  kg;  155  x  65  x  65  mm. 

Tripod  1.9  kg;  approx  1  m  high. 

StcuidoAd  AccusoKics 

Battery  pack  and  cable,  batteries,  carrying  case,  carrying  strap, 
manual . 

Shipping  Weight 
Approximately  9.5  kg. 
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APPENDIX  G 


CHAIN  OF  CUSTODY  DOCUMENTATION 


F.2.7 


CHAIN-OF-CUSTODY 


Since  they  document  the  history  of  samples,  chain-of-custody 
procedures  are  a  crucial  part  of  a  sampling/analysis 
program.  Chain-of-custody  documentation  enables 
identification  and  tracking  of  a  sample  from  collection  to 
analysis  to  reporting. 

WESTON'S  chain-of-custody  program  necessitates  the  use  of 
EPA-approved  sample  labels,  secure  custody,  and  attendant 
recordkeeping.  Depending  on  the  client's  requirements, 
WESTON  also  offers  container  sealing  during  unattended 
transportation  of  samples. 

In  essence,  WESTON  considers  a  sample  in  custody  if  it:  is 
in  a  WESTON  employee's  physical  possession;  it  is  in  view  of 
that  WESTON  employee;  is  secured  by  that  WESTON  employee  to 
prevent  tampering;  or  is  secured  by  that  WESTON  employee  in 
an  area  that  is  restricted  to  authorized  personnel. 

Each  time  a  sample  is  relinquished  from  one  analyst  to 
another  or  from  one  major  location  to  another,  WESTON 's 
analytical  personnel  are  required  to  make  appropriate 
entries.  Personnel-specific  initials  are  used  as  identifiers 
of  analysts,  as  are  location  codes  for  various  locations 
(refrigerators,  extraction  areas,  analytical  areas,  etc.) 
within  the  laboratory.  Each  transaction  for  each  sample  is 
accompanied  by  a  specific  reason  for  transfer. 
Chain-of-custody  documentation  is  given  in  Appendix  G. 

F.  2.8  QA/QC  OFFICER 


Toward  maintenance  of  a  rigid,  credible  QA/QC  regimen, 
WESTON  Analytical  Services  maintains  a  full-time,  in-house 
QA/QC  officer  who  retains  independent  authority  to  declare 
out-of-control  situations,  thereby  precluding  reporting  of 
unacceptable  data.  The  QA/QC  officer  has  been  available,  as 
needed,  on  the  project. 
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F.2.5  SAMPLE  PLAN/LOG 


Normal  protocol  demands  client-and  /or  site-specific  logging 
of  all  sample  batches  delivered  to  WESTON.  Basic 
information  —  such  as  client  name,  address,  etc.;  client 
phone  number;  reporting/invoicing  instructions;  site 
descriptions;  and  parameter-specifications  and  total 
requirements  —  is  initiated  here.  Additionally,  sample 
storage/disposal  instructions  as  well  as  turnaround 
requirements  and  sample  collection  requirements  are 
addressed  at  this  point. 

The  appropriate  number  of  method  blanks  is  also  logged  at 
this  point,  and  in-house  chain-of-custody  documentation  is 
initiated  here. 

F.2.6  SAMPLE  RESULTS 

WESTON'S  analytical  protocols  generally  require  five-point 
calibration  curve  plus  a  reagent  blank  s  the  basis  for 
quantification  analytes  from  a  linear  calibration  curve.  (A 
three-point  plus  blank  curve  vs.  the  original  five  point  one 
^s  acceptable  if  it  falls  within  the  QA/QC  requirements  of 
3  standard  deviation  of  the  original  curve. )  Linear 
regression  analysis  is  then  performed.  Method-  and  detection 
limit-specific  data  are  accessed  for  quantitation  and 
report-writing  from  each  such  data  set.  For  reporting 
accuracy,  the  algorithm 

Linear-Regressed  Solid  Sample  Concentration 

Raw  Concentration  Extract  Volume  or 

from  Calibration  Curve  If  Solid _ Dilution  Factor 

Solid  Sample  Fraction 

Mass  If  Solid  Solids  If  Solid 

is  used  for  all  quantitations.  (All  such  algorithm  input 
data  are  archived  for  long-term  storage.)  Detection  limits 
for  solids  are  generated  on  a  per-sample  basis  and 
calculated  by  replacing  "LINEAR-REGRESSED  RAW  CONCENTRATION 
FROM  CALIBRATION  CURVE"  with  "DETECTION  LIMIT  OF  ANALYTE  IN 
LIQUID  MATRIX"  in  the  above  equation. 


Final 

=  Concen¬ 
tration 
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E,2.4  DATA  HANDLING  -  LABORATORY 

Use  of  any  analytical  data  should  be  preceded  by  an 
assessment  of  its  quality.  The  assessment  should  be  based 
on  accuracy,  precision,  completeness,  representativeness, 
and  comparability.  These  criteria  are,  in  turn,  assessed  as 
follows : 

o  Accuracy  -  Is  it  acceptable  for  the  planned  use? 
QA/QC  shall  measure  the  accuracy  of  all  data. 

o  Precision  -  Is  it  acceptable  for  the  planned  use? 

QA/QC  shall  reflect  the  reproducibility  of  the 
measurements . 

o  Completeness  -  Are  the  data  sufficient  for  the 

planned  use?  QA/QC  shall  identify  the  quantity  of 
data  needed  to  match  the  goals. 

o  Representativeness  -Do  the  data  accurately 
reflect  actual  site  conditions,  sampling 
procedures,  and  analytical  method?  QA/QC  shall 
ensure  this. 

o  Comparability  -  Is  the  report  self-consistent  in 
format,  units,  and  standardization  of  methods  used 
to  generate  it?  QA/QC  shall  ensure  this. 

Additionally,  statistical  methods  outlined  in  the  QA/QC 
program  have  been  applicable  to  data  evaluation. 

The  Laboratory  Supervisor  and  the  Laboratory  QA/QC  Officer 
have  been  responsible  for  the  evaluation  of  the  above 
criteria  and  for  enforcement  of  analytical  protocols  that 

will  necessarily  lead  to  acceptable  data  quality.  The 
signature  of  the  Supervisor  and  QA/QC  Officer  accompany  each 
laboratory  analytical  report  and  serve  to  ensure  the  overall 
validity  of  the  reported  data. 


F.2.2  container  PREPARATION 

Another  consideration  in  this,  or  any,  analytical  project  is 
that  of  sample  container  preparation.  Accordingly,  all 
appropriate  sample  bottles  shall  be  cleaned  in  a  manner 
mandated  by  the  U.S.  EPA  to  insure  maximal  cleanliness  (and 
minimal  contamination)  before  the  containers  go  to  the 

field.  Sufficient  bottles  to  accommodate  both  laboratory 

and  field  blank  requirements  will  be  prepared  in  a  single 
batch  mode  for  each  sampling  requirement. 

F  2.3  VERIFICATION/VALIDATION 

In  the  laboratory,  the  analytical  scheme  begins  with  initial 
verification,  which  is  comprised  of: 

o  Lab  Blanks  -  To  insure  that  no  background  level 

of  specific  analytes  is  introduced  by  laboratory 
procedures . 

o  Standard  Analytical  Reference  Materials  (SARMS)  - 

To  determine  the  accuracy  and  precision  of 

procedures . 

o  Spikes  -  To  determine  the  percent  recovery  of 

analyte  (s ) . 

If  the  laboratory  QA/QC  program  is  extended  to  the  field,  it 
includes  a  fifth  item: 

o  Field  Blanks  -  To  provide  a  check  on 

contamination  of  containers  and/or  preservatives 
and  to  establish  "practical"  detection  limits. 

WESTON  has  used  all  of  the  above  in  this  project.  All  data 
resulting  from  these  verification  media  have  been  archived 
for  future  reference,  retrieval,  or  processing. 
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QUALITY  ASSURANCE  PLAN 


WESTON  Analytical  Services  enforces  a  rigid  QA/QC  program 
toward  maintenance  of  validity  and  reliability  of  all 
analytical  data.  The  Laboratory  QA/QC  Manual  (Table  of 
Contents  thereof  is  Attachment  No.  1  to  this  appendix) 
outlines  the  specifics  of  the  QA/QC  plan.  This  plan  is 
patterned  after  the  EPA  Handbook  for  Analytical  Quality 
Control  in  Water  and  Wastewater  Laboratories 


(EPA-600/4-79-019 ,  March  1979),  augmented  by  general 
applicable  experience  and  interaction  with  the  QA/QC  plan  of 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency 
(USATHAMA).  All  methods  and  procedures  followed  by  WESTOn 
are  either  USEPA  or  ASTM-approved.  Any  variations  from  such 
procedures,  regardless  of  cause,  are  documented  by  the 
responsible  analyst (s)  and  are  documen table ,  and, 
literature-traceable.  A  general  review  of  this  QA/QC  plan 
is  in  the  following  paragraphs. 

Although  specific  QA/QC  measures  for  each  method  are 
designated  in  WESTON 's  Laboratory  Quality  Assurance 
Manual ,  the  general  QA/QC  program  normally  includes; 

o  EPA-acceptable  sample  preparation  and  analytical 

methods . 

o  Instrument  calibration  via  use  of  Standard 
Analytical  Reference  Materials  (SARMS). 

o  Regular  equipment  maintenance  and  servicing. 

o  Use  of  SARMS  and  QA/QC  samples  (spikes,  laboratory 
blanks,  replicates,  and  splits)  to  ascertain 
overall  precision. 

o  Statistical  evaluation  of  data  to  delineate 

acceptable  limits. 

o  Documentation  of  system/ operator  performance. 

o  Suitable  chain-of-custody  procedures. 

o  Maintenance  and  archiving  of  all  records,  charts, 
and  logs  generated  in  the  above. 

o  Proper  reporting. 

I 

Acceptable  analyses  at  WESTON 's  Analytical  Laboratory 
Services  include,  but  are  not  limited  to,  the  above. 

Ii)  general,  WESTON 's  QA/QC  sequence  follows  the  following 
diagram  (Figure  E-i).  Documentation  (as  available  from 
instrument  recordings  and  technicians'  notebooks)  is 
sufficient  to  validate  each  step  in  the  sequence. 


3.  Grab  samples  were  taken  for  immediate  analyses  in 
the  field  for  pH,  temperature  and  specific 
conductance . 

4.  The  sample  containers  were  wrapped  in  packaging 
material  and  placed  in  a  thermal  chest  packed  with 
enough  ice  to  insure  cooling  to  4oc. 

5.  Nitrate  scimples ,  due  to  a  24  hour  holding  time 
requirement,  were  transported  in  daily  batches  to 
Howard  Laboratories,  a  local  laboratory,  in  Dayton, 
Ohio.  The  remaining  samples  were  taken  to  WESTON 's 
laboratory  in  Westchester,  Pennsylvania  after  sampling 
was  completed. 

F-1.3  Leachate  Seiraple  Collection 


The  method  used  to  sample  leachate  seeps  is  described  in  the 
text  (Section  3. 2. 6. 2  Leachate  Seep  Sampling).  Sample  handling 
and  preservation  procedures  were  the  same  as  those  used  for 
groundwater  samples. 

The  seeps  were  analyzed  for: 

1.  Specific  conductance 

2.  Chloride 

3.  Sulfate 

4 .  Boron 

5.  Iron 

6.  Total  Organic  Carbon  (TOC) 

7.  Total  Organic  Halogen  (TOX) 

8 .  Phenol 

9.  Volatile  Organic  Compounds  (VOA) . 


3.  Sulfate 

4 .  Boron 

5.  Iron 

6 .  Manganese 

7 .  Sodium 

8 .  Phenol 

9.  Total  Organic  Carbon  (TOC) 

10.  Total  Organic  Halogen  (TOX) 

11.  Oil  and  Grease 

12.  Volatile  Organics  (VOA) 

All  required  sample  containers  were  prepared  by  WESTON  labora¬ 
tories  in  accordance  with  standard  EPA  procedures  and  protocols . 

After  the  wells  were  purged,  sampling  consisted  of  the  following 
steps ; 

1.  Sample  containers  for  inorganic  parameters  (metals, 
chloride,  sulfate,  nitrate)  were  filled  from  the  pump 
line.  Samples  for  organic  parameters  were  bailed 
from  the  well  using  a  teflon  bailer  to  avoid  aeration 
and  excessive  turbulence  in  the  Scimple  water. 

2.  Appropriate  containers  were  filled  according  to 
analytical  pareimeter.  The  containers  used  were: 

o  ISIitrate:  1  liter  plastic  bottles  (24  hour 
holding  time) 

o  Metals  (Boron,  Iron,  Manganese,  Sodium) :  sample 
was  first  filtered  a  0.45  micron  filter,  then 
poured  into  1  liter  plastic  bottles  preserved 
with  nitric  acid. 

o  Chloride  and  Sulfate;  1  liter  plastic  bottles 

o  Phenol ;  1  liter  amber  glass  bottles  preserved 

with  phosphoric  acid  and  copper  sulfate. 

o  TOC ;  40  ml  septum  seal  glass  vials  preserved 

with  hydrochloric  acid. 

o  TOX;  250  ml  septum  seal  amber  glass  bottles. 

o  VOA;  40  ml  septum  seal  glass  vials 

o  Oil  and  Grease;  1  liter  amber  glass  bottles 
preserved  with  sulfuric  acid 


All  glass  containers  have  Teflon-lined  caps. 
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MONITORING  WELL  PURGING 


All  groundwater  sampling  was  accomplished  after  the  in¬ 
stalled  monitoring  wells  were  properly  developed  and  had 
stabilized  for  a  period  of  at  least  two  weeks.  Prior  to  col¬ 
lecting  samples,  each  well  was  purged  by  pumping  a  minimum 
of  three  volumes  of  standing  jwater  in  the  well  using  a  John- 
son-Keck  submersible  pump  .  This  ensured  that  a 
representative  sample  of  the  aquifer  is  collected  during  the 
sampling  process.  The  field  procedures  used  for  monitoring 
well  purging  included  the  following  guidelines: 

1.  Prior  to  placing  any  equipment  into  the  well,  the 
equipment  was  scrubbed  with  Alconox  (detergent) 
solution  and  rinsed  with  distilled  water. 

2.  Before  purging,  the  depth  to  water  from  the 
referenced  measuring  point  on  the  top  of  the  well 
casing  was  measured  and  recorded. 

3.  The  volume  of  water  to  be  purged  based  on  the 
amount  of  standing  water  in  the  well  casing  was  cal¬ 
culated. 

4.  The  well  was  purged  by  pumping,  removing  at  least 
three  times  the  calculated  volume  of  standing  water 
in  the  well  casing. 

5.  The  pump  was  disconnected  and  removed  from  the 
well.  The  equipment  was  decontaminated  by  scrub¬ 
bing  with  Alconox  and  flushing  with  deionized  water. 

6.  The  protective  caps  were  secured. 
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MONITOR  WELL  SAMPLE  COLLECTION 


Groundwater  sampling  was  directed  toward  the  detection  of: 

1.  Nitrates 
2*  Chloride 


A  1.5-inch  diameter  stainless  steel,  screw-lift  type 
pump.  Capable  of  a  steady  flow  of  around  one  gpm.  Teflon 
or  polypropylene  discharge  hose  was  used. 


John  C.lHeemer 
Dais  Ma'iajcmeit  Cocidmaiof 
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WrSTON  WAY 
WE51  CHISUR.  RA  19360 
PHONE  (21^)69^  3030 
telex  63-5346 


c j  '*s*s 


Date  :  3  /)  j  /b  “7 


P.O.  NO:  2.  f 30  Z 


Zoordi nator 
INC. 

1  V.’eston  Kay 

West  Chester,  PA  19380 

PHONE:  (215)-692-3030  Ext.  498 


Please  analyze  the  following  samples  REW  No.: 

qoq  -  o'">2o  osio, _o_2j-_o.  02.  oico 


o,  00  80 


for  the  following  parameters: 


(  C-CJ^ 


Bill  to  Accounts  Payable  at  the  above  address  using  the 
Purchase  Order  Number  at  the  top  of  this  page. 


Please  send  the  results  to: 


o  *€ --J  Ao^ 
r^'cL  Avh» — 

P.O.  2-#?"  , 

y  .  Ogcgt 


Thank  yov,'^‘ J/^ 

u  ^ 


C  o-j-8fe 


kc>/.  T^-  c^>c-. 
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PRIORITY/HAZARD 


SUBMITTED  BY  /Izl 


DATE  RECEIVED 


ISC;  ^  kx  k 


SAMPLE  DESCRIPTION 


IDATE  collected!  PA  |  PA  PA  PA  PA  PA  PA 


f-  U. 


PRIORITY/HAZARD 


SUBMITTED  BY  e.  ■  A 
MISC;  0  *•!  Kv^. 


CHAIN  OF  CUSTOCY 


1.  RFW  # _ _ _ _ _ 

2.  No.  of  bottles  on  thJs  sheet:  40  ml  _ 

100  ml  _ 

250  ml  _ 

500  ml  _ 

1000  ml  _ 

Total  _ 

3.  Sampled  by:  g-y  |  l^ici\^wg4  OoK^Vp,o> 

Samples  preserved  and  prepared  according  to  S.O.P.: 

Initials 


Reason  for  Change 

Relinquished  Received  by  Time  Date  of  Custody 


H  '.o(,  f 

S'*  “7-2  4- 

iU.dhtr'Ir^  Icdir-' 

T 

<J 

COMMENTS: 


CHAIN  OF  Custody 


1 .  RFW  # _ _ 

2.  No.  of  bottles  on  this  sheet:  ^0  ml 

100  ml 
250  ml 
500  ml 
1000  ml 

Total 


3.  Sampled  by:  _ _ _ _ _ 

k.  Samples  preserved  and  prepared  according  to  S.O.P.:  _ 

Initials 


Reason  for  Change 

Relinquished  Received  by  Time  Date  of  Custody 


I 

mamBamm, 

COMMENTS: 


Reagents 

6.1  Hydrochloric  acid,  1  ;1 .  Mix  equal  volumes  of  cone.  HCl  and  distilled  water. 

6.2  Fluorocarbon- 113,(1,1 ,2-tnchloro- 1 ,2,2-trinuoroethane),  b.  p.  48'’C. 

6.3  Sodium  sulfate,  anhydrous  crystal. 

6.4  Calibration  mixtures; 

6.4.1  Refeience  oil;  Pipet  15.0  ml  n-hexadecane,  15.0  ml  isooclane,  and  10.0  ml 
chlorobenzene  into  a  50  ml  glass  stoppered  bottle.  Maintain  the  integrity  of  the 
mixture  by  keeping  stoppered  except  when  withdrawing  aliquots. 

6.4.2  Stock  standard;  Pipet  1.0  ml  reference  oil  (6.4.1)  into  a  lared  200  ml  volumetric 
flask  and  immediately  stopper.  Weigh  and  dilute  to  volume  with  fluorocarbon- 1 13. 

6.4.3  Working  standards;  Pipet  appropriate  volumes  of  stock  standard  (6.4.2)  into  1(X) 
ml  volumetric  flasks  according  to  the  cell  pathlength  to  be  used.  Dilute  to  volume 
with  fluorocarbon- 1 13.  Calculate  concentration  of  standards  from  the  stock 
standard. 

Procedure 

7.1  Mark  the  sample  bottle  at  the  water  meniscus  for  later  determination  of  sample  volume. 
If  the  sample  w’as  not  acidified  at  time  of  collection,  add  5  ml  hydrochloric  acid  (6.1)  to 
the  sample  bottle.  After  mixing  the  sample,  check  the  pH  by  touching  pH -sensitive  paper 
to  the  cap  to  insure  that  the  pH  is  2  or  lower.  Add  more  acid  if  necessary. 

7.2  Pour  (he  sample  into  a  separatory’  funnel. 

7.3  Add  30  ml  fluorocarbon- 1 13  (6.2)  to  the  sample  bottle  and  rotate  the  bottle  to  rinse  the 
sides.  Transfer  the  solvent  into  the  separatory  funnel.  Extract  by  shaking  vigorously  for  2 
minutes.  Allow  the  layers  to  separate. 

7.4  Filter  the  solvent  layer  into  a  100  ml  volumetric  flask  through  a  funnel  containing 
solvent-moistened  filter  paper. 

NOTE;  An  emulsion  that  fails  to  dissipate  can  be  broken  by  pouring  about  1  g  sodium 
sulfate  (6.3)  into  the  filter  paper  cone  and  slowly  draining  the  emulsion  through  the  salt. 
Additional  1  g  portions  can  be  added  to  the  cone  as  required. 

7.5  Repeat  (7.3  and  7.4)  twice  more  w'ith  30  ml  portions  of  fresh  solvent,  combining  all 
solvent  in  the  volumetric  flask. 

7.6  Rinse  the  tip  of  the  separatory  funnel,  filter  paper,  and  the  funnel  with  a  total  of  5-10  ml 
fluorocarbon- 1 13  and  collect  the  rinsings  in  the  flask.  Dilute  the  extract  to  100  ml,  and 
stopper  the  flask. 

7.7  Select  appropriate  working  standards  and  cell  pathlength  according  to  the  following 
table  of  approximate  working  ranges; 


Pathlength 

10  mm 
50  mm 
100  mm 


Range 

2-40  mg 
0.4-8  mg 
0.1-4  mg 


7.8  Scan  standards  and  samples  from  3200  cm  '  to  27(X)  cm''  with  fluorocarbon- 1 13  in  the 
reference  beam  and  record  the  results  on  absorbance  paper.  The  absorbances  of  samples 
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OIL  AND  GREASE,  TOTAL  RECO\'ERABLE 


Method  413.2  (Spectrophotometric,  Infrared) 

STORET  NO.  0050 


1 .  Scope  and  Application 

1.1  This  method  includes  the  measurement  of  fluorocarbon-113  extractable  matter  frcn 
surface  and  saline  welters,  industrial  and  domestic  wastes.  It  is  applicable  to  tit 
determination  of  hydrocarbons,  vegetable  oils,  animal  fats,  waxes,  soaps,  greases  ard 
related  matter. 

1.2  The  method  is  applicable  to  measurement  of  most  light  petroleum  fuels,  although  loss  if 
about  half  of  any  gasoline  present  during  the  extraction  manipulations  can  be  expectci. 

1.3  The  method  covers  the  range  from  0.2  to  1000  mg/1  of  extractable  material. 

1.4  While  this  method  can  be  used  to  obtain  an  estimate  of  the  oil  and  grease  that  would  i: 
measured  gravimctrically,  in  many  cases  the  estimate  more  accurately  describes  tie 
parameter,  as  it  will  measure  volatiles  more  effectively  and  is  not  susceptible  o 
interferences  such  as  extractable  sulfur.  It  can  be  used  with  the  Petroleum  Hydrocarbm 
procedure  to  obtain  an  oil  and  grease  value  and  a  petroleum  hydrocarbon  value  on  tie 
same  sample. 

2.  Summary  of  Method 

2.1  The  sample  is  acidified  to  a  low  pH  (<2)  and  extracted  with  fluorocarbon- 1 13.  The  dl 
and  grease  is  determined  by  comparison  of  the  infrared  absorbance  of  the  sample  extract 
with  standards. 

3.  Definitions 

3.1  The  definition  of  oil  and  grease  is  based  on  the  procedure  used.  The  source  of  the  dl 
and/or  grease,  and  the  presence  of  extractable  non-oily  matter  will  influence  the  matenJ 
measured  and  interpretation  of  results. 

4.  Sampling  and  Storage 

4. 1  A  representative  sample  of  1  liter  volume  should  be  collected  in  a  glass  bottle.  If  analyss 
is  to  be  delayed  for  more  than  a  few  hours,  the  sample  is  preserved  by  the  addition  of  5  nl 
HCl  (6. 1 )  at  the  time  of  collection  and  refrigerated  at  4*C. 

4.2  Because  losses  of  grease  will  occur  on  sampling  equipment,  the  collection  of  a  composie 
sample  is  impractical.  Individual  portions  collected  at  prescribed  time  intervals  must  ie 
analyzed  separately  to  obtain  the  average  concentration  over  an  extended  period. 

5.  Apparatus 

5. 1  Separatory  funnel,  2000  ml,  with  Teflon  stopcock. 

5.2  Infrared  spectrophotometer,  scanning.  Non-scanning  instruments  may  also  be  used  bit 
can  be  subject  to  positive  interferences  in  complex  chemical  wastewaters. 

5.3  Cells,  10  mm,  50  mm,  and  100  mm  path  length,  sodium  chloride  or  infrared  grade  gla.c. 

5.4  Filter  paper,  Whatman  No.  40, 1 1  cm. 
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7.5  Carbonate-bicarbonate,  standard  solution:  Prepare  a  series  of  standards  similar  to  srp 

NOTE  3:  This  standard  is  not  required  by  some  instruments. 

7.6  Blank  solution:  Use  the  same  distilled  water  (or  similar  quality  water)  used  for  te 
preparation  of  the  standard  solutions. 

8.  Procedure 

8.1  Follow  instrument  manufacturer’s  instructions  for  calibration,  procedure  aid 
calculations. 

8.2  For  calibration  of  the  instrument,  it  is  recommended  that  a  series  of  standaris 
encompassing  the  expected  concentration  range  of  the  samples  be  used. 

9.  Precision  and  Accuracy 

9.1  Twenty-eight  analysts  in  twenty-one  laboratories  analyzed  distilled  water  solution 
containing  exact  increments  of  oxidizable  organic  compounds,  with  the  following  result: 


Increment  as 
TOC 
mg/Iiter 


Precision  as 
Standard  Deviation 
TOC,  mg/liter 


Accuracy  as 


15.27 
-f  1.01 


Bias, 

mg/liter 

-1-0.75 

-1-1.08 


(FWPCA  Method  Study  3,  Demand  Analyses) 


Bibliography 

1.  Annual  Book  of  ASTM  Standards,  Part  31,  “Water”,  Standard  D  2574-79,  p  469  (1976). 

^  Method^50?tl9^5)  E’^a'nination  of  Water  and  Wastewater,  14th  Edition,  p  531 
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4.  Sample  Handling  and  Preservation 

4.1  Sampling  and  storage  of  samples  in  glass  bottles  is  preferable.  Sampling  and  storage  in 
plastic  bottles  such  as  conventional  polyethylene  and  cubitainers  is  permissible  if  it  is 
established  that  the  containers  do  not  contribute  contaminating  organics  to  the  samples. 
NOTE  1:  A  brief  study  performed  in  the  EPA  Laboratory  indicated  that  distilled  water 
stored  in  new,  one  quart  cubitainers  did  not  show  any  increase  in  organic  carbon  after 
two  weeks  exposure. 

4.2  Because  of  the  possibility  of  oxidation  or  bacterial  decomposition  of  some  components  of 
aqueous  samples,  the  lapse  of  time  between  collection  of  samples  and  start  of  analysis 
should  be  kept  to  a  minimum.  Also,  samples  should  be  kept  cool  (4*C)  and  protected 
from  sunlight  and  atmospheric  oxygen. 

4.3  In  instances  where  analysis  cannot  be  performed  within  two  hours  (2  hours)  from  time  of 
sampling,  the  sample  is  acidified  (pH  <  2)  with  HCl  or  H2SO4. 

5.  Interferences 

5. 1  Carbonate  and  bicarbonate  carbon  represent  an  interference  under  the  terms  of  this  test 
and  must  be  removed  or  accounted  for  in  the  final  calculation. 

5.2  This  procedure  is  applicable  only  to  homogeneous  samples  which  can  be  injected  into  the 
apparatus  reproducibly  by  means  of  a  microliter  type  syringe  or  pipette.  The  openings  of 
the  syringe  or  pipette  limit  the  maximum  size  of  particles  which  may  be  included  in  the 
sample. 

6.  Apparatus 

6.1  Apparatus  for  blending  or  homogenizing  samples:  Generally,  a  Waring-type  blender  is 
satisfactoiy. 

6.2  Apparatus  for  total  and  dissolved  organic  carbon: 

6.2.1  A  number  of  companies  manufacture  systems  for  measuring  carbonaceous 
material  in  liquid  samples.  Considerations  should  be  made  as  to  the  types  of 
samples  to  be  analyzed,  the  expected  concentration  range,  and  forms  of  carbon  to 
be  measured. 

6.2.2  No  specific  analyzer  is  recommended  as  superior. 

7.  Reagents 

7.1  Distilled  water  used  in  preparation  of  standards  and  for  dilution  of  samples  should  be 
ultra  pure  to  reduce  the  carbon  concentration  of  the  blank.  Carbon  dioxide-free,  double 
distiUed  water  is  recommended.  Ion  exchanged  waters  are  not  recommended  because  of 
the  possibilities  of  contamination  with  organic  materials  from  the  resins. 

7.2  Potassium  hydrogen  phthalate,  stock  solution,  1000  mg  carbon/liter:  Dissolve  0.2128  g 
of  potassium  hydrogen  phthalate  (Primary  Standard  Grade)  in  distilled  water  and  dilute 
to  100.0  ml. 

NOTE  2:  Sodium  oxalate  and  acetic  acid  are  not  recommended  as  stock  solutions. 

7.3  Potassium  hydrogen  phthalate,  standard  solutions:  Prepare  standard  solutions  from  the 
stock  solution  by  dilution  with  distilled  water. 

7.4  Carbonate-bicarbonate,  stock  solution,  1000  mg  carbon/liter:  Weigh  0.3500  g  of  sodium 
bicarbonate  and  0.4418  g  of  sodium  carbonate  and  transfer  both  to  the  same  100  ml 
volumetric  flask.  Dissolve  with  distilled  water. 
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ORGANIC  CARBON,  TOTAL 


Method  415.1  (Combustion  or  Oxidation) 

STORET  NO.  Total  00650 
Dissolved  00611 

1 .  Scope  and  Application 

1 . 1  This  method  includes  the  measurement  of  organic  carbon  in  drinking,  surface  and  salne 
•waters,  domestic  and  industrial  wastes.  Exclusions  are  noted  under  Definitions  aid 
Interferences. 

1 .2  The  method  is  most  applicable  to  measurement  of  organic  carbon  above  1  mg/ 1 . 

2.  Summary  of  Method 

2. 1  Organic  carbon  in  a  sample  is  converted  to  carbon  dioxide  (CO^)  by  catalytic  combustioi 
or  wet  chemical  oxidation.  The  CO,  formed  can  be  measured  directly  by  an  infrard 
detector  or  converted  to  methane  (CH,)  and  measured  by  a  flame  ionization  detecta. 
The  amount  of  COj  or  CH4  is  directly  proportional  to  the  concentration  of  carbonaceois 
material  in  the  sample. 

3.  Definitions 

3.1  The  carbonaceous  analyzer  measures  all  of  the  carbon  in  a  sample.  Because  of  variois 
properties  of  carbon-containing  compounds  in  liquid  samples,  preliminary  treatment  if 
the  sample  prior  to  analysis  dictates  the  definition  of  the  carbon  as  it  is  measured.  Form, 
of  carbon  that  are  measured  by  the  method  are: 

A)  soluble,  nonvolatile  organic  carbon;  for  instance,  natural  sugars. 

B)  soluble,  volatile  organic  carbon;  for  instance,  mercaptans. 

C)  insoluble,  partially  volatile  carbon;  for  instance,  oils. 

D)  insoluble,  particulate  carbonaceous  materials,  for  instance;  cellulose  fibers. 

E)  soluble  or  insoluble  carbonaceous  materials  adsorbed  or  entrapped  on  insolubL 
inorganic  suspended  matter;  for  instance,  oily  matter  adsorbed  on  silt  particles. 

3.2  The  final  usefulness  of  the  carbon  measurement  is  in  assessing  the  potential  oxygen¬ 
demanding  load  of  organic  material  on  a  receiving  stream.  This  statement  applie 
whether  the  carbon  measurement  is  made  on  a  sewage  plant  effluent,  industrial  waste,  o: 
on  water  taken  directly  from  the  stream.  In  this  light,  carbonate  and  bicarbonate  carboi 
are  not  a  part  of  the  oxygen  demand  in  the  stream  and  therefore  should  be  discounted  ii 
the  final  calculation  or  removed  prior  to  analysis.  The  manner  of  preliminary  treatmen; 
of  the  sample  and  instrument  settings  defines  the  types  of  carbon  which  are  measured 
Instrument  manufacturer’s  instructions  should  be  followed. 
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WEST  CHESTER.  PA.  19380 
PHONE:  I31&I  69^-3030 

CHAIN  OF  CUSTODY  RECORD  TELEX;  83-5348 


WO#/PO# 


DATE  RECEIVED 


)62Bj::£S1I2=z!^ 


PRIORITY/HAZARD 


SUBMITTED  BY 


SAMPLE  DESCRIPTION 


MISC.. 


[date  COLLECTED  PA^ P?'*PVl^^A  I  PA  |  PA  I  F 


TO:  ..C_  Date  :  _S  /  S  /  «  y 

FROM:  John  Heeiner  P.O.  NO:  'Z.^  f 

Data  Manacment  Coordinator 
ROY  F.  WESTON,  INC. 

1  Weston  V^ay 

West  Chester,  PA  19380 

PHONE:  (215)-692-3030  Ext.  498 


Please  analyze  the  following  samples  RFW  No.: 


0  3>3<D  . 

o3>50 

J 

} 

for  the  following  parameters; 

/6>y 

rrjct^~<^ 

riof 

Bill  to  Accounts  Payable  at  the  above  address  using  the 
Purchase  Order  Number  at  the  top  of  this  page. 


Please  send  the  results  to: 


_  I 


Thank  you. 
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MATERIALS  AND  EQU1PMEN1 
REQUISITION 


TO: 

FROM: 


PURCHASE  ORDER  ASSIGNED: 

DATE: 


Request  that  we  obtain:  _ Purchase 

FROM:  (Vendor  name  If  preference) 

Cl(?yS\^ry 


Repai r 


Rent 


SHIP  TO- 


S 


5-  gf 


Price 
Quotat ion 


X  Ot 


f 


FOB 


TERMS 


SHIP  VIA: 


DELIVERY  REQUIRED  BY: 


I 


I 


I 

r 


t 

f 

t 

t 

'v 


ITEM 

QUANTITY 

DESCRIPTION 

UNIT 

PRICE 

TOT/ 

} 

7- 

1  oy  c:t»NJc\ys/s 

3S.O0 

^fS 

'ZfS 

Is  this  purchase  within  your  budget?  Yes(  >  )  No  (  ) _ TOTAL  COST 


Charge  above  I  tern  to:  Work  Order  No.  /S'^/  Division/Dept.  No. 

Project  Director/Manager  or 

Responsible  Head  Approval _  V.P.  QA/Finance _ 

Purchasing  Approval _ 
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COMPLETE  REVERSE  SIDE  FOR  ALL  CAPITAL 


EQUIPMENT  REQUISITIONS 


G-] 


and  standauis  ate  measured  by  consiruciing  a  straight  baseline  over  the  range  of  the  s:-n 
and  measuiing  the  absorbance  of  the  peak  maximum  at  2930  cm  '  and  subtracting  fie 
baseline  absorbance  at  that  point.  For  an  example  of  a  typical  oil  spectrum  and  bascinc 
construction,  sec  Gruenfeld'*'.  Non-scanning  instruments  should  be  operated  accordng 
to  manufacturer’s  instructions,  although  calibration  must  be  performed  using  he 
standards  described  above  (6.4).  If  the  absorbance  exceeds  0.8  for  a  sample,  selec  a 
shorter  pathlength  or  dilute  as  required. 

7.9  Use  a  calibration  plot  of  absorbance  vs.  mg  oil  prepared  from  the  standards  to  detemine 
the  mg  oil  in  the  sample  solution. 

Calculation 


mg/1  total  oil  and  grease  =  ^  -y  ~ 


where; 

R  =  oil  in  solution,  determined  from  calibration  plot,  in  milligrams. 

D  =  extract  dilution  factor,  if  used. 

V  =  volume  of  sample,  determined  by  refilling  sample  bottle  to  calibration  line  aid 
correcting  for  acid  addition  if  necessary,  in  liters. 

Precision  and  Accuracy 

9. 1  The  two  oil  and  grease  methods  in  this  manual  were  tested  by  a  single  laboratory  (EMS.) 
on  sewage.  This  method  determined  the  oil  and  grease  level  Li  the  sewage  to  be  1*5 
mg/1.  When  1  liter  portions  of  the  sewage  were  dosed  with  14.0  mg  of  a  mixture  of 
fuel  oil  and  Wesson  oil,  the  recovery  was  99%  with  a  standard  deviation  of  ±1.4  mg  i. 
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PHENOLICS,  TOTAL  RECOVERABLE 


Method  420.1  (Spectrophotometric,  Manual  4-AAP  with  Distillation) 

STORET  NO.  32731 


I 


I 
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1 .  Scope  and  Application 

1 . 1  This  method  is  applicable  to  the  analysis  of  drinking,  surface  and  saline  waters,  domesti 
and  industrial  wastes. 

1.2  The  rhethod  is  capable  of  measuring  phenolic  materials  at  the  5  ug/1  level  when  th- 
colored  end  product  is  extracted  and  concentrated  in  a  solvent  phase  using  phenol  as : 
standard. 

1.3  The  method  is  capable  of  measuring  phenolic  materials  that  contain  more  than  50  ug/ 
in  the  aqueous  phase  (w’ithout  solvent  extraction)  using  phenol  as  a  standard. 

1.4  It  is  not  possible  to  use  this  method  to  differentiate  between  different  kinds  of  phenols. 

2.  Summary  of  Method 

2.1  Phenolic  materials  react  with  4-aminoantipyrine  in  the  presence  of  potassiun 
ferricyanide  at  a  pH  of  10  to  form  a  stable  reddish-brown  colored  antipyrine  dye.  Th-. 
amount  of  color  produced  is  a  function  of  the  concentration  of  phenolic  material. 

3.  Comments 

3. 1  For  most  samples  a  preliminary  distillation  is  required  to  remove  interfering  materials. 

3.2  Color  response  of  phenolic  materials  with  4-amino  antipyrine  is  not  the  same  for  al 
compounds.  Because  phenolic  type  wastes  usually  contain  a  variety  of  phenols,  it  is  no 
possible  to  duplicate  a  mixture  of  phenols  to  be  used  as  a  standard.  For  this  reason  pheno 
has  been  selected  as  a  standard  and  any  color  produced  by  the  reaction  of  other  phenolic 
compounds  is  reported  as  phenol.  This  value  will  represent  the  minimum  concentratioi 
of  phenolic  compounds  present  in  the  sample. 

4.  Sample  Handling  and  Preservation 

4.1  Biological  degradation  is  inhibited  by  the  addition  of  1  g/1  of  copper  sulfate  to  the 
sample  and  acidification  to  a  pH  of  less  than  4  with  phosphoric  acid.  The  sample  shoulc 
be  kept  at  4'C  and  analyzed  within  24  hours  after  collection. 

5.  Interference 

5.1  Interferences  from  sulfur  compounds  are  eliminated  by  acidifying  the  sample  to  a  pH  o; 
less  than  4  with  H3PO4  and  aerating  briefly  by  stirring  and  adding  CuSO^. 

5.2  Oxidizing  agents  such  as  chlorine,  detected  by  the  liberation  of  iodine  upon  acidification 
in  the  presence  of  pxitassium  iodide,  are  removed  immediately  after  sampling  by  tht 
addition  of  an  excess  of  ferrous  ammonium  sulfate  If  chlorine  is  not  removed,  tht 
phenolic  compounds  may  be  partially  oxidized  and  the  results  may  be  low. 
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Apparatus 

6.1  Distillation  apparatus,  all  glass  consisting  of  a  1  liter  pyrex  distilling  apparatus  with 
Graham  condenser. 
pH  meter. 

Spectrophotometer,  for  use  at  460  or  510  nm. 

Funnels. 

Filter  paper. 

Membrane  filters. 

Separatory  funnels,  500  or  1 ,000  ml. 

Nessler  tubes,  short  or  long  form. 

Reagents 

7.1  Phosphoric  acid  solution,  1  4-  9:  Dilute  10  ml  of  85%  H3PO4  to  100  ml  with  distilled 
water. 

Copper  sulfate  solution:  Dissolve  100  g  CuS04*5H20  in  distilled  water  and  dilute  to  1 
liter. 

Buffer  solution;  Dissolve  16.9  g  NH4CI  in  143  ml  cone.  NH4OH  and  dilute  to  250  ml 
with  distilled  water.  Two  ml  should  adjust  100  ml  of  distillate  to  pH  10. 

Aminoantipyrine  solution;  Dissolve  2  g  of  4AAP  in  distilled  water  and  dilute  to  100  ml. 
Potassium  ferricyanide  solution;  Dissolve  8  g  of  K3Fe(CN)6  in  distilled  water  and  dilute 
to  100  ml. 


6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

6.8 


7.2 

7.3 

7.4 

7.5 


/.oo^ 

7.6  Stock  phenol  solution:  Dissolve  4-:0-g  phenol  in  freshly  boiled  and  cooled  distilled  water 

and  dilute  to  1  liter.  1  ml  =  1  mg  phenol. 

7.7  Working  solution  A;  Dilute  10  ml  stock  phenol  solution  to  1  liter  with  distilled  water. 

1  ml  =  lOi/g  phenol. 

7.8  Working  solution  B:  Dilute  100  ml  of  working  solution  A  to  1000  ml  with  distilled  water. 

1  ml  =  1  ug  phenol. 

7.9  Chloroform 

Procedure 

8. 1  Distillation 

8.1.1  Measure  500  ml  sample  into  a  beaker.  Lower  the  pH  to  approximately  4  with  1  +  9 
H3PO4  (7.1),  add  5  ml  CUSO4  solution  (7.2)  and  transfer  to  the  distillation 
apparatus.  Omit  adding  H^P04  and  CUSO4  if  sample  was  preserved  as  described  in 
4.1. 

8.1.2  Distill  450  ml  of  sample,  stop  the  distillation,  and  when  boiling  ceases  add  50  ml  of 
warm  distilled  water  to  the  flask  and  resume  distillation  until  500  ml  have  been 
collected. 

8.1.3  If  the  distillate  is  turbid,  filter  through  a  prewashed  membrane  filter. 

8.2  Direct  photometric  method 

8.2.1  Using  working  solution  A  (7.7),  prepare  the  following  standards  in  100  ml 
volumetric  flasks. 
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ml  of  working  solution  A 


Cone,  ug/l 


— m 

0.5 

50.0 

1.0 

100.0 

2.0 

200.0 

5.0 

500.0 

8.0 

800.0 

10.0 

1000.0 

8.2.2  To  100  ml  of  distillate  or  an  aliquot  diluted  to  100  ml  and/or  standards,  add  2  ml  if 
buffer  solution  (7.3)  and  mix.  The  pH  of  the  sample  and  standards  should  le 
10  ±0.2. 

8.2.3  Add  2.0  ml  aminoantipyrine  solution  (7.4)  and  mix. 

8.2.4  Add  2.0  ml  potassium  ferricyanide  solution  (7.5)  and  mix. 

8.2.5  After  15  minutes  read  absorbance  at  510  nm. 

8.3  Chloroform  extraction  method 

8.3.1  Using  working  solution  B  (7.8),  prepare  the  following  standards.  Standards  may  ie 
prepared  by  pipetting  the  required  volumes  into  the  separatory  funnels  aid 
diluting  to  500  ml  with  distilled  water. 


ml  of  working  solution  B 

Cone,  ug/l 

0.0 

0.0 

3.0 

6.0 

5.0 

10.0 

10.0 

20.0 

20.0 

40.0 

25.0 

50.0 

8.3.2  Pis  500  ml  of  distillate  or  an  aliquot  diluted  to  500  ml  in  a  separatory  funnel.  Tie 
sample  should  not  contain  more  than  25  ug  phenol. 

8.3.3  To  sample  and  standards  add  10  ml  of  buffer  solution  (7.3)  and  mix.  The  pH 
should  be  10  ±0.2. 

8.3.4  Add  3.0  ml  aminoantipyrine  solution  (7.4)  and  mix. 

8.3.5  Add  3.0  ml  potassium  ferricyanide  solution  (7.5)  and  mix. 

8.3.6  After  three  minutes,  extract  with  25  ml  of  chloroform  (7.9).  Shake  the  separator 
funnel  at  least  10  times,  let  CHCI3  settle,  shake  again  10  times  and  let  chlorofom 
settle  again. 

8.3.7  Filter  chloroform  extracts  through  filter  paper.  Do  not  add  more  chloroform. 

8.3.8  Read  the  absorbance  of  the  samples  and  standards  against  the  blank  at  460  hm. 

Calculation 

9.1  Prepare  a  standard  curve  by  plotting  the  absorbance  value  of  standards  versus  tie 

corresponding  phenol  concentrations. 

9.2  Obtain  concentration  value  of  sample  directly  from  standard  curve. 
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10.  Precision  and  Accuracy 

10.1  Using  the  extraction  procedure  for  concentration  of  color,  six  laboratories  analyzed 
samples  at  concentrations  of  9.6,  48.3,  and  93.5  ug/1.  Standard  deviations  were 
1O.99,  i3.1and  i 4.2 ug/1, respectively. 

10.2  Using  the  direct  photometric  procedure,  six  laboratories  analyzed  samples  at 
concentrations  of  4.7,  48.2  and  97.0  mg/1.  Standard  deviations  were  ±0.18,  ±0.48  and 
i  1.58  mg/1,  respectively. 
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Appendix  IV. — ^Inductively  Coupled 
Plasms  Optical  Emission  Spectrometric 
Method  (ICP)  for  Trace  Bement 
Analysis  of  Water  and  Wastes 

Inductively  Coupled  Plasma  fICP) 
Optica!  Emission  Spectrometric  Method 
for  Trace  Element  Analysis  of  IVoter 
and  Wastes 

Interim 

UA.  Covinomeotal  Protection  Agency, 
Envirooreental  Monitoring  and  Support 
Laboratory,  Ondanati,  Ohio  45268 

October  1979. 

Foreword 

This  method  has  been  prepared  by  the 
staff  of  the  Environmental  Monitoring 
and  Support  Laboratory— Cinciruiati, 
with  the  cooperation  of  the  EPA-ICP 
Users  Croup.  Their  cooperation  and 
support  is  gratefully  acknowledged. 

This  method  represents  the  current 
state-of-the-art  but  as  time  progresses, 
improvements  are  anticipated.  Users  are 
encouraged  to  identify  problems  and 
assist  in  updating  the  method  by 
contacting  the  Environmental 
Monitoring  and  Support  Laboratory, 
Cincinnati,  Ohio  45268. 

Inductively  Coupled  Plasma  (ICP) 
Optical  Emission  Spectrometric  Method 
for  Trace  Element  Analysis  of  Water 
and  Wastes 

1.  Scope  and  Application. 

1.1  This  method  may  be  used  for  the 
determination  of  dissolved,  suspended, 
or  total  elements  in  surface  water, 
drinking  water,  and  domestic  and 
industrial  wastewaters. 

1.2  Dissolved  elements  are 
determined  in  f.Itered  and  acidified 
samples.  Appropriate  steps  must  be 
taken  to  ensure  that  potential 


interference  are  talcen  into  account 
when  dissolved  solids  exceed  1500  mg/1. 
(See  4.2) 

1.3  Total  elements  are  determined 
after  appropriate  digestion  procedures 
are  performed.  Since  digestion 
techniques  increase  the  dissolved  solids 
content  of  the  samples,  appropriate 
steps  must  be  taken  to  correct  for 
potential  interference  effects. 

1.4  Table  1  lists  elements  for  which 
this  method  applies  along  with 
reconunended  wavelengths  and  typical 
estimated  instrumental  detection  limits. 
Actual  working  detection  limits  are 
sample  dependent  and  as  the  sample 
matrix  varies,  these  concentrations  may 
also  vary.  In  time,  other  elements  may 
be  added  as  more  information  becomes 
available. 

1.5  Because  of  the  differences 
between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed 
instrumental  operating  instructions  can 
be  provided.  Instead,  the  analyst  is 
referred  to  the  instructions  provided  by 
the  manufacturer  of  the  particular 
instrument 
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2.  Summary  of  Method. 

2.1  The  method  describes  r 
technique  for  the  simultaneousof 
sequential  multielement  detefnination 
of  trace  elements  in  solutioa  T,e  basis 
of  the  method  is  the  measurenunt  of 
atomic  emission  by  an  optical 
spectroscopic  technique.  Sampes  are 
nebulized  and  the  aerosol  that  s 
produced  is  transported  to  the  ilasma 
torch  where  excitation  occurs. 
Characteristic  atomic-line  emision 
spectra  are  produced  by  a  radic 
frequency  inductively  coupled  ilasma 
(ICP).  The  spectra  are  disperse!  by  a 
grating  spectrometer  and  the  inensities 
of  the  lines  are  monitored  by 
photomultiplier  tubes.  The 
photocurrents  from  the  photomiltiplier 
tubes  are  processed  and  controled  by  a 
computer  system.  A  backgrouiu  j 

correction  technique  is  requirei  to  j 

compensate  for  variable  backgnund 
contribution  to  the  determinatim  of  j 
trace  elements.  Background  mu.i  be 
measured  adjacent  to  analyte  lues  on 
samples  during  analysis.  Additimal 
interferences  named  in  4.1  shoud  also 
be  recognized  and  appropriate 
corrections  made. 

3.  Definitions. 

3.1  Dissalved— Those  elemcits 
which  will  pass  through  a  0.45  pa 
membrane  filter. 

3.2  Suspended — Those  elemmls 
which  are  retained  by  a  0.45  pa 
membrane  filler. 

3.3  Total — The  concentratioi 
determined  on  an  unfillered  sanole 
following  vigorous  digestion  (Sc.-uon 
6.3).  or  the  sum  of  the  dissolved  lius 
suspended  concentrations  (Secu.'n  6.1 
plus  8.2). 

3.4  Total  recoverable — The 
concentration  determined  on  ar 
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unfiltcred  san-.ple  following  trealmenl 
with  hot.  dilute  mineral  acid  [Section 
84) 

3.5  Insirurrtentol  detection  limit— 
The  concentration  equivalent  to  a  signal, 
due  to  the  analyte,  which  is  equal  to 
three  limes  the  standard  deviation  of  a 
series  of  ten  replicate  measurements  of 

a  reagent  blank  signal  at  the  same 
wavelength. 

3.6  Sensitivity— The  slope  of  the 
analytical  cnirve.  i.e.  funtional 
relationship  between  emission  intensity 
and  concentration. 

3.7  Jnstniment  check  standard — A 
multielement  standard  of  known 
concentrations  prepared  by  the  analyst. 
Should  be  included  in  the  analy'tical 
scheme  with  a  frequency  of  10%.  (See 
66.1.) 

3.8  Reference  standard— A  solution 
obtained  from  an  outside  source  having 
known,  verified  values.  Must  be  used 
initially  to  verify  the  calibration 
standards  and  analyzed  thereafter  as  a 
blind  sample  on  a  weekly  frequency. 

(See  6.6.Z.) 

3.9  Calibration  standards — A  series 
of  known  standard  solutions  used  by  the 
analyst  for  calibration  of  the  instrument 
(i.e.,  preparation  of  the  analytical  curve). 
(See  6.4.) 

3.10  Linear  dynamic  range — The 
concentration  range  over  which  the 
analy'tical  curve  remains  linear. 

3.11  Reagent  blank— A  volume  of 
deionized,  distilled  water  containing  the 
same  acid  matrix  as  the  calibration 
standards  carried  through  the  entire 
analytical  scheme.  (See  6.S.2.) 

3.12  Calibration  blank — A  volume  of 
deionized,  distilled  water  acidified  with 
HNO,  and  HCL  (See  8.5.1.) 

3.13  Method  of  standard  addition — 
The  standard  addition  technique 
involves  the  use  of  the  unknown  and  the 
unknown  plus  a  known  amount  of 
standard.  (See  9.6.1.) 

4.  Interferences. 

4.1  Several  types  of  interference 
effects  may  contribute  to  inaccuracies  in 
the  determination  of  trace  elements. 

They  can  be  summarized  as  follows; 

4.1.1  Spectral  interferences  can  be  ' 
categoriz^  as  (1)  overlap  of  a  spectral 
line  from  another  element;  (2) 
unresolved  overlap  of  molecular  band 
spectra:  (3)  background  contribution 
from  continuous  or  recombination 
phenomena;  and  (4)  background 
contribution  from  stray  light  from  the 
line  emission  of  high  concentration 
elements.  The  first  of  these  effects  can 
be  compensated  by  utilizing  a  computer 
couection  of  the  raw  data,  requiring 
measurement  of  the  interfering  element 
The  second  effect  may  require  selection 
of  an  alternate  wavelength.  The  third 
and  fourth  effects  can  usually  be 


compensated  by  a  background 
correction  adjacent  to  f.he  analyte  line 

4.1.2  Physical  interferences  are 
generally  considered  to  be  effects 
associated  with  the  sample  nebulization 
and  transport  processes.  Such  properties 
as  change  in  viscosity  and  surface 
tension  can  cause  significant 
inaccuracies  especially  in  samples 
which  may  contain  high  dissolved  solids 
and/or  acid  concentrations.  (See  Note 
1.)  If  these  types  of  interferences  are 
operative,  they  must  be  reduced  by 
dilution  of  the  sample  and/or  utilization 
of  standard  addition  techniques. 

Note  1. — The  use  of  a  peristaltic  pump  may 
lessen  these  interferencea. 

4.U  Chemical  interferences  axe 
characterized  by  molecular  compound 
formation,  ionization  effects  and  solute 
vaporization  efiects.  Normally  these 
effects  are  not  pronounced  with  the  ICP 
technique,  however,  if  observed  they 
can  be  minimized  by  careful  selpction  of 
operating  conditions  (that  is.  Incident 
power,  observation  position,  and  so 
forth),  by  bufleiing  of  the  sample,  by 
matrix  matching,  and  by  standard 
addition  procedures.  These  types  of 
interferences  can  be  highly  dependent 
on  matrix  type  and  the  specific  analyte 
element 

4.2  It  is  recommended  that  whenever 
a  new  or  unusual  sample  matrix  is 
encouDlered,  a  series  of  tests  be 
performed  prior  to  reporting 
concentration  data  for  analyte  elements. 
These  tests,  as  outlined  in  4.2.1  through 
4.2.4.  will  ensure  the  analyst  that  neither 
positive  nor  negative  interference  effects 
are  operative  on  any  of  the  analyte 
elements  thereby  distorting  the  accuracy 
of  the  reported  values. 

411  Serial  dilution — If  the  analyte 
concentration  is  sufficiently  high 
(minimally  a  factor  of  10  above  the 
instrumental  detection  limit  after 
dilution),  an  analysis  of  a  dilution 
should  agree  wit^  S  percent  of  the 
original  determination  (or  within  some 
acceptable  control  limit  (13.3)  that  has 
been  established  for  that  matrix).  If  not 
a  chemical  or  physical  interference 
effect  should  be  suspected. 

412  Spike  addition — The  recovery 
of  a  spike  addition  added  at  a  minimum 
level  of  lOX  the  instrumental  detection 
limit  (maximum  lOOX)  to  the  original 
determination  should  be  recovered  to 
within  90  to  110  percent  or  within  the 
established  control  limit  for  that  matrix. 

If  not.  a  matrix  effect  should  be 
suspected.  The  use  of  a  standard 
addition  analysis  procedure  can  usually 
compensate  for  this  efiect. 

CjuUod. — The  standard  addition  technique 
doei  not  detect  coincident  apectral  overlap.  If 
auapected.  use  of  an  alternate  wavelervglh  or 


comparison  with  an  alierr.ilr  mrthor 
recommended  (See  4.7.3) 

4.2.3  Comparison  with  oliemc: 
method  of  analysis — When  inves;;?  ling 
a  new  sample  matrix,  comparisor.  !sts 
may  be  performed  with  other  anai  .ical 
techniques  such  as  atomic  absorp::>,*i 
spectrometry,  or  other  approved 
methodology. 

4.2.4  Wavelength  scanning  of 
analyte  line  region — If  the  approprste 
equipment  is  available,  wavelengt; 
Ecanning  can  be  performed  to  deter 
potential  spectral  interferences. 

5.  Apparatus. 

5.1  Inductively  Coupled  Plasmc  ICP) 
Optical  Emission  Spectrometer. 

5.1.1  Computer  controlled  atomr 
emission  spectrometer  with  backgremd 
correction. 

5.1.2  Radiofrequency  generator 

5. U  Argon  gas  supply,  welding 
grade  or  better. 

5.2  Operating  conditions — Beca.se 
of  the  differences  between  various 
makes  and  models  of  satisfactory 
instruments,  no  detailed  operating 
instructions  can  be  provided.  Insteai. 
the  analyst  should  follow  the 
instructions  provided  by  the 
manufacturer  of  the  particular 
instrument  Sensitivity,  instrumenta 
detection  limJt,  precision.  linear 
dynamic  range,  and  interference  eflsrfs 
must  be  investigated  and  esiablishei  for 
each  individual  analyte  line  on  that 
particular  instrumeoL 

6.  Reagents  and  standards. 

6.1  Adds  used  in  the  preparatioi  of 
standards  and  for  sample  processin; 
must  be  ultra-high  purity  grade  or 
equivalent  Redistilled  adds  are 
acceptable. 

6.1.1  Acetic  acid,  cone,  (sp  gr  1 JM. 

6.1.2  Aqua  regia:  Mix  cautiously 
parts  cone.  HQ  (sp  gr  1.19)  and  1  par 
cone.  HNOi  (sp  gr  1.41]  Just  before  us;. 

6.1.3  Hydrochloric  acid,  cone,  (sf  gr 
1.19). 

6.1 .4  Hydrochloric  acid,  (1  -H):  Aid 

500  ml  cone.  HCl  (sp  gr  1.19)  to  400  m 
deionized,  distilled  waier  and  dilute  o  1 
liter.  - 

6.1.5  Nitric  acid,  cone,  (sp  gr  1.41 1 

6.1.6  Nitric  acid,  (1  -H);  Add  500  nl 
cone.  HNOi  (sp  gr  1.41)  to  400  ml 
deionized,  distilled  water  and  dilute  u  1 
Uter. 

6.2  Deionized,  distilled  water; 
Prepare  by  passing  distilled  water 
through  a  mixed  bed  of  cation  and  anon 
exchange  resins.  Use  deionized,  distili-d 
water  for  the  preparation  of  all  reagcns. 
calibration  standards  and  as  dilutior. 
water. 

6.3  Standard  stock  solutions  may  re 
purchased  or  prepared  from  ultra  higt 
purity  grade  chemicals  or  mrtals 
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(Caution:  See  Note  2).  All  salts  must  be 
dried  for  1  b  at  105*  C  unless  otherwise 
speciSed. 

Note  X — Many  tnelal  salts  arc  extremely 
toxic  and  may  ba  fatal  If  swallowed.  Wash 
bands  tboroufhly  after  handling. 

Typical  stock- solution  preporabon 
procedures  follow; 

'  6.3.1  AJumwum  solution,  stock,  1 
ml  s:  100  pg  Ah  Dissolve  0.100  g  of 
aluminuso  metal  in  an  acid  mixture  of  4 
ml  of  (1  +  1)  HQ  and  1  ml  of  cone.  HNO« 
in  a  beaker.  Warm  gently  to  effect 
solution.  When  solution  is  complete, 
transfer  quantitatively  to  a  liter  flask, 
add  an  additional  10  ml  of  (1  +  1)  HQ 
and  dilute  to  1.000  ml  with  deionized, 
distilled  water. 

6.3.2  Arsenic  solution,  stock.  1 
ml « 100  pg  As:  Dissolve  0.1320  g  of 
AstO»  in  100  ml  of  deionized,  distilled 
water  containing  0.4  g  NaOR  Acidify 
the  solution  with  2  ml  cone.  NHOa  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3  J  Barium  solution,  slock,  1 
ml^lOO  pg  Ba:  Dissolve  0.1516  g  BaQi 
in  10  ml  deionized,  distilled  water  with  1 
ml  (1  +  1)  HQ.  Add  1 0.0  ml  (1  +  1)  HQ 
and  dilute  to  1.000  ml  %vith  deionized, 
distilled  water. 

6.3.4  Beryllium  solution,  stock.  1 
ml  — 100  pg  Be:  Dissolve  1.127  g 
Be«0(C«HaOt)».  beryllium  acetate  basic, 
in  a  minimum  amount  of  cone,  acetic 
acid.  Add  10.0  ml  cone  HNOi  and  dilute 
to  1.000  ml  with  deionized,  distilled 
water. 

:•  6.3.5  Boron  solution,  stock,  1  ml  =  100 
'pg  B:  Dissolve  0.5716  g  anhydrous  HiBOi 
in  deionized  distilled  water  and  dilute 
to  1,000  ml.  Because  H*BOi  loses  weight 
on  drying  at  105*  C  use  a  reagent 
meeting  ACS  specifications  and  keep 
the  bottle  tightly  stoppered  to  prevent 
the  entrance  of  atmospheric  moisture. 

6.3.6  Cadmium  solution,  stock,  1 

ml  =  100  pg  Cd:  Dissolve  0.1142  g  CdO  in 
a  minimum  amount  of  (1  + 1)  HNO>. 

Heat  to  increase  rate  of  dissolution.  Add 
10.0  ml  cone.  HNOi  and  dilute  to  1,000 
ml  with  deionized  distilled  water. 

6.3.7  Colcium  solution,  stock,  1 ' 

ml  =  100  pg  Ca:  Suspend  0.2498  g  CaCOt 
dried  at  180*  C  for  1  h  before  weighing  in 
deionized  distilled  water  and  dissolve 
cautiously  with  a  minimum  amount  of 
(1  +  1)  HNO..  Add  10.0  ml  cone.  HNO» 
and  dilute  to  1.000  ml  with  deionized, 
distilled  water. 

6.3.8  Chromium  solution,  stock.  1 

ml  =  100  pg  Cr  P-ssolye  0.1923  g  of  CrO, 
in  deionized,  distilled  water.  When 
solution  is  complete,  acidify-  with  10  ml 
cone.  RVO,  and  dilute  to  1.000  ml  with 
deionized,  distilled  water. 

6.3.9  Cobalt  solution,  stock.  1 

ml  =  100  pg  Co:  Dissolve  0  14C2  g  Co,Oi 


in  a  minimum  amount  of  (1  +  1)  HNO>. 
Add  10.0  ml  cone.  HNOa  and  dilute  to 
1.000  ml  with  deionized,  distilled  water. 

6.3.10  Copper  solution,  stock,  1 

ml  =  100  pg  Cu:  Dissolve  0.1252  g  CuO  in 
a  minimum  amount  of  (1+1)  HNO*.  Add 
10.0  ml  cone.  HNO*  and  dilute  to  1,000 
ml  with  deionized,  distiUed  water. 

6.3.11  Iron  solution,  stock.  1  ml  =  100 
pg  Fe:  Dissolve  0.1430  g  FeiO*  in  10  ml 
deionized,  distilled  water  with  1  ml 
(1+1)  HCL  Add  10.0  ml  cone.  HNO*  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.12  Lead  solution,  stock,  1  ml  =  100 
pg  Pb:  Dissolve  0.1599  g  Pb{NO.)t  in  a 
minimum  amount  of  (1  +  1)  HNO*.  Add 
10.0  ml  cone.  HNO*  and  dilute  to  1.000 
ml  with  deionized,  distilled  water. 

6.3.13  Lithium  solution,  stock.  1 

ml  =  100  pg  Li:  Dissolve  0.5323  g  UtCO*. 
slowly  in  a  mitumum  amount  of  (1  +  1) 
HNO*.  Add  10.0  ml  cone.  HNO»  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.14  Magnesium  solution,  stock,  1 
ml =100  pg  Mg;  Dissolve  0.1658  g  MgO 
in  a  minimum  amount  of  (1  +  1)  HNO*. 
Add  10.0  ml  cone.  HNO*  and  dilute  to 
1,000  ml  with  deioevized.  distilled  water. 

6.3.15  Manganese  solution,  stock,  1 
ml  =  100  pg  Mn:  Dissolve  0.5225  g 
Mn(NO*)»<6H»0  (do  not  dry)  in 
deionized,  distilled  water.  Add  10.0  mi 
cona  HNO*  and  dilute  to  1.000  ml  with 
deionized,  distiUed  water. 

6.3.16  Molybdenum  solution,  stock,  1 
ml  =  100  pg  Mo;  Dissolve  0.2043  g 
(NHi],MoO«  in  deionized,  distilled  water 
and  dilute  to  1,000  mL 

6.3.17  Nickel  solution,  stock,  1  ml  = 
100  pg  Ni:  Dissolve  0.4953  g  Ni(NOi)i 
<6HiO  in  deionized,  distilled  water.  Add 
10  ml  of  cone.  HNO*  and  dilute  to  1,000 
ml  with  deionized,  distilled  water. 

6.3.16  Potassium  solution,  stock,  1  ml 
=  too  fig  K:  Dissolve  0.1907  g  KCl.  dried 
at  110*  C  in  deionized,  distilled  water 
dilute  to  1.000  ml. 

6.3.19  Selenium  solution,  stock,  1  ml 
=  100  pg  Sc:  Dissolve  0.1727  g  H>SeO>  in 
deionized,  distiUed  water  and  dilute  to 
1.000  ml. 

6.3.20  Silica  solution,  stock,  1  ml  = 

100  pg  SiO*;  Do  not  dry.  Dissolve  0.4730 
g  Na>SiOa  <9HiO  in  deionized,  distilled 
water.  Add  10.0  ml  cone.  HNO*  and 
dilute  to  1,000  ml  with  deionized, 
distilled  water. 

6.3.21  Silver  solution,  stock,  1  ml  =  1 
pg  Ag:  Dissolve  0.1575  g  AgNO*  in  100 
ml  of  deionized,  distilled  water  and  10 
ml  cone.  HNO*.  Dilute  to  1.000  ml  with 
deionized,  distilled  water. 

6.3.22  Sodium  solution,  stork.  1  ml  = 
100  pg  Na;  Dissolve  0.2542  g  NaCl  in 
deionized,  distilled  water.  Add  10  0  ml 
cone  HNO,  and  dilute  to  I.OOi)  ml  with 
deionized  liisilllrd  wolrr 


6.3.23  Strontium  solution,  si'i}..  1  ml 
=  100  pg  Sr.  Dissolve  0.2416  g  i-.'N'O*), 
in  deionized,  distilled  water.  Ac  10.0 
ml  cone.  HNO*  aod  dilute  to  l.Cri  ml 
with  deionized,  distilled  water. 

6.3.24  Vanadium  solution,  sack,  1  mJ 
=  100  fig  V:  Dissolve  0.2297  Nf  iVO*  in 
a  minimum  amount  of  cone.  HK3*-  Heal 
to  increase  rate  of  dissolutioa  rdd  tOJJ 
ml  cone.  HNO*  and  dilute  to  l,(/3  ml 
with  deionized,  distilled  water. 

6.3.25  Zinc  solution,  stock,  IzJ  “ 

100  pg  Zn;  Dissolve  0.1245  g  ZnT  in  a 
minimum  amount  of  dilute  HNC*.  Add 
10.0  ml  cone.  HNO*  and  dilute  ti  1,000 
ml  with  deioiuzed.  distilled  wacr. 

64  Mixed  calibration  stanmrd 
solutions — Prepared  mixed  caliiration 
standard  solutions  by  combinin; 
appropriate  volumes  of  the  stoc 
solutioiu  in  volumetric  flasks,  free  6.4.1 
thru  6.4.6)  Add  2  ml  of  (1  +  1)  HTO*  and 
2  ml  of  (1  + 1)  HQ  and  dilute  io'OO  ml 
with  deionized,  distilled  water. ’’rior  to 
preparing  the  mixed  standards  each 
stock  solution  should  be  analyzd 
separately  to  determine  possibb 
spectral  interference.  Care  shoud  be 
taken  when  preparing  the  mixer 
standards  that  tire  elements  art 
compatible  and  stable.  Transfe' the 
mixed  standard  solutions  to  a  ‘FE 
fluorocarbon  bottle  for  storage.'resh 
mixed  standards  should  be  preiared 
weekly.  Some  typical  combinatons 
follow; 

6.4.1  Mixed  standard  soluUin  I — 
Iron,  manganese,  cadmium,  leac  and 
zinc. 

6.4.2  Mixed  standard  solutim  11— 
Beryllium,  copper,  strontium,  vmadium. 
and  cobalt 

6.4.3  Mixed  standard  solutim  III — 
Molybdenum,  silica,  lithium,  ani 
barium. 

6.4.4  Mixed  standard  solutim  FV — 
Calcium,  magnesium,  sodium,  aid 
potassium. 

6.4.5  Mixed  standard  solutim  V — 
AJurtunum.  arsenic,  boron,  chronium. 
nickel,  and  selenium. 

6.4.6  Mixed  standard  solutim  Vi — 
Silver. 

6.5  Two  types  of  blanks  art  required 
for  the  analysis.  The  calibratioi  blank 
(3.12)  is  used  in  establishing  thi 
analytical  curve  while  the  reagru  blank 
(3.11)  is  used  to  correct  for  posr.ble 
contamination  resulting  from  \  ir^.  ing 
amounts  of  the  acids  used  in  th-  v.miplr 
processing. 

6.5.1  Thr  ralibmliiW  blnni  f 
prepnred  by  rliluling  2  ml  of  (1  -  V,  HN'rl 
and  2  ml  of  |i  4  1)  MCI  to  lOn  n. 
doionired.  distilled  xvxiPr.  PrejM"*  *> 
sufficient  quantity  to  be  used  »' 
the  system  between  slunds-d'  iir' 
«an^ple* 


H-13 


XA 


r>9562  Federal  Rejrif'ler  /  Vol 


6  S.2  Tilt  recpcnl  blcnk  ir.ust 
contain  all  the  reagents  and  in  the  same 
volumes  as  used  in  the  processing  of  the 
samples.  The  reagent  blank  must  be 
carried  through  the  complete  procedure 
and  contain  the  same  acid  concentration 
in  the  Final  solution  as  the  sample 
solution  used  for  analysis. 

6.6  In  addition  to  the  calibration 
standards,  an  instrument  check 
standard  (3.7)  and  a  reference  standard 
(3.8)  are  also  required  for  the  analyses. 

6.6.1  The  instrument  check  standard 
is  prepared  by  the  analyst  by  combining 
compatible  elements  at  a  concentration 
equivalent  to  the  midpoint  of  their 
respective  calibration  curves.  This 
standard  should  be  included  in  the 
analytical  scheme  with  a  frequency  of 
10%. 

6.6.2  The  reference  standard  should 
be  prepared  according  to  the 
instructions  provided  by  the  supplier. 
Following  initial  veriTication  of  the 
calibration  standards,  analyze  weekly. 

7.  .Sample  handling  and  preservation. 

7.1  For  the  determination  of  trace 
elements,  contamination  and  loss  are  of 
prime  concern.  Dust  in  the  laboratory 
environment,  impurities  in  reagents  and 
impurities  on  laboratory  apparatus 
which  the  sample  contacts  are  all 
sources  of  potential  contamination. 
Sample  containers  can  introduce  either 
positive  or  negative  errors  in  the 
measurement  of  trace  elements  by  (a) 
contributing  contaminants  through 
leaching  or  surface  desorption  and  fb) 

-by  depleting  concentrations  through 
adsorption.  Thus  the  collection  and 
treatment  of  the  sample  prior  to  anah'sis 
requires  particular  attention.  Laboratory 
glassware  including  the  sample  bottle 
(whether  linear  polyethylene, 
polyproplyene  or  I'l- 'E-fluorocarbon) 
should  be  thoroughly  washed  with 
detergent  and  tap  water,  rinsed  with 
(1  +  1)  nitric  acid,  tap  water.  (1  +  1) 
hydrochloric  acid  tap  and  Finally 
deionized,  distilled  water  in  that  order. 
(See  Notes  3  and  4). 

Note  S.-~Chromic  acid  may  be  useful  to 
remove  organic  deposits  from  glassware: 
however,  the  analyst  should  be  cautioned 
that  the  glassware  must  be  tharoughly  rinsed 
with  water  to  remove  the  lost  traces  of 
chromium  This  is  especially  importonl  if 
chromium  is  to  be  included  in  the  onolyticol 
scheme.  A  commercial  product 
NOCHROMIX.  available  from  Codox 
Loborotories.  6  Varich  St.,  h/ew  York.  hlY 
10013.  may  be  used  in  place  af  chromic  odd 
Chromic  acid  should  not  be  used  with  plastic 
bottles 

Note  4  — If  it  can  be  documented  through 
an  active  anal)‘tical  qualitj  control  program 
using  spiked  samples  and  reagent  blanks, 
that  certain  steps  in  the  clesnung  procedure 
are  not  required  for  routine  samples,  those 
steps  may  be  eliminated  from  the  procedure 
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7.2  Before  collection  of  the  sample  a 
decision  must  be  made  as  to  the  type  of 
data  desired,  that  is  dissolved, 
suspended  or  total,  so  that  the 
appropriate  preservation  and 
pretreatment  steps  may  be 
accomplished.  Filtration,  acid 
preservation,  etc.,  are  to  be  performed  at 
the  time  the  sample  is  collected  or  as 
soon  as  possible  thereafter. 

7.2.1  For  the  determination  of 
dissolved  elements  the  sample  must  be 
filtered  through  a  0.45-p.m  membrane 
Filter  as  soon  as  practical  after 
collection.  (Class  or  plastic  FJtering 
apparatus  is  recommended  to  avoid 
possible  contamination.)  Use  the  First 
50-100  ml  to  rinse  the  filter  flask. 

Discard  this  portion  and  collect  the 
required  volume  of  Filtrate.  Acidify  the 
filtrate  with  (1  +  1)  HNO.  to  a  pH  of  2  or 
less.  Normally,  3  ml  of  (1  + 1)  acid  per 
liter  should  be  sufficient  to  preserve  the 
sample. 

7.2.2  For  the  determination  of 
suspended  elements  a  measured  volume 
of  unpreserved  sample  roust  be  filtered 
through  a  0.4S-pm  membrane  filter  as 
soon  as  practical  after  collection.  The 
filter  plus  suspended  material  should  be 
transferred  to  a  suitable  container  for 
storage  and/or  shipment  No 
preservative  is  required. 

7.2.3  For  the  determinaiac  of  total  or 
total  recoverable  elements,  the  sample 
is  acidified  with  5  ml  cone.  HNO>  per 
liter  (pH  2)  as  soon  as  possible, 
preferably  at  the  time  of  collection.  The 
sample  is  not  filtered  before  processing. 

8.  Sample  Preparation. 

8.1  For  the  determinations  of 
dissolved  elements,  the  Filtered, 
preserved  sample  may  often  be 
analyzed  as  received.  The  acid  matrix 
and  concentration  of  the  samples  «nd 
calibration  standards  must  be  the  same. 

If  a  precipitate  formed  upon 
acidirication  of  the  sample  or  during  —  - 
transit  or  storage,  it  must  be  redissolved 
before  the  analysis  by  adding  additional 
acid  and/or  by  heat  as  described  in  8.3. 

8.2  For  the  determinaton  of 
suspended  elements,  transfer  the 
membrane  filter  containing  the  insoluble 
material  to  a  250-ml  Griffin  beaker  and 
add  3  ml  cone.  HNOa.  Cover  the  beaker 
with  a  watch  glass  and  heat  gently.  The 
warm  acid  will  soon  dissolve  the 
membrane.  Increase  the  temperature  of 
the  hoi  plate  and  digest  the  material. 

Vv'hen  the  acid  has  nearly  evaporated, 
cool  the  beaker  and  watch  glass  and 
add  another  3  ml  of  cone  FDv'Oj.  Cover 
and  continue  heating  iintil  the  digestion 
is  complete,  generally  indicated  by  a 
light  colored  digestate.  Evaporate  to 
near  dryness  (DO  NOT  BAXE).  cool, 
add  2  ml  of  (1  + 1)  HNOi  and  2  ml  HCI 

(1  +  1)  per  100  ml  dilution  and  warm  the 


btoker  gently  to  dissolve  any  sc'..  '.i 
material  Wash  down  the  wateV.  ;:ss 
and  beaker  walls  with  deionized 
distilled  water  end  filter  the  seme:  to 
remove  insoluble  material  that  cc:d 
clog  the  nebulizer.  Adjust  the  voL~e 
based  on  the  expected  concenlrauns  of 
elements  present.  This  volume  wil  vary 
depending  on  the  elements  to  be 
determined.  The  sample  is  now  reriy 
for  analysis.  Concentrations  to 
determined  shall  be  reported  as 
’’suspended."' 

6.3  For  the  determination  of  totl 
elements,  choose  a  measured,  volime  of 
the  well  mixed  acid  preserved  sazmle 
appropriate  for  the  expected  level  if 
elements  and  transfer  to  a  Gridin 
beaker.  (Sec  Note  5.)  Add  3  ml  of  one 
HNO>.  Place  the  beaker  on  a  hot  pate 
and  evaporate  to  near  dryness 
cautiously,  making  certain  that  the 
sample  does  not  boil.  (DO  NOT  BACE.) 
Cool  the  beaker  tmd  add  another  cml 
portion  of  cone.  HNOa.  Cover  the  baker 
with  a  watch  glass  and  return  to  th-  hot 
plate.  Increase  the  temperature  of  be 
hot  plate  so  that  a  gentle  reflux  acton 
occurs.  Continue  heating,  adding 
additional  add  as  necessary,  until  he 
digestion  is  complete  (generally 
indicated  when  the  digestate  is  ligh  in 
color  or  does  not  change  in  appearmce 
with  continued  refluxing.)  Again, 
evaporate  to  near  dryness  and  coolihe 
beaker.  Add  2  ml  of  1  +  1  HNO«  anc2  ml 
of  1  +1  HCI  per  100  ml  of  final  soluton 
and  warm  the  beaker  to  dissolve  ary 
precipitate  or  residue  resulting  fron 
evaporation.  Wash  down  the  beake 
walls  and  watch  glass  with  deioniz.*d 
distilled  water  and  Filter  the  sample  lo 
remove  insoluble  material  that  couli 
clog  the  nebulizer.  Adjust  the  volune 
based  on  the  expected  concentratiois  of 
elements  present.  The  sample  is  nov 
ready  for  analysis.  Concentrations  ai 
determined  shall  be  reported  as  "lotil." 

Note  5. — If  low  deleminationt  of  bortji  sr* 
crilicaL  quartz  glassware  should  be  usee 

6.4  For  the  determination  of  tota 
recoverable  elements,  choose  a 
measured  volume  of  a  well  mixed,  and 
preserved  sample  appropriate  for  th: 
expected  level  of  elements  and  tianser 
lo  a  Criflin  beaker.  (See  Note  5.)  Ad:  1 
ml  of  HNO»  (1  +  1)  and  2  ml  of  HCI  ('.-^l) 
to  the  sample  and  heat  on  a  steam  bith 
or  hot  plate  until  the  volume  has  beci 
reduced  to  15-20  ml  making  certain  tie 
sample  does  not  boil.  After  this 
treatment  the  sample  is  Filtered  to 
remove  insoluble  material  that  coui: 
clog  the  nebulizer,  and  the  volume 
adjusted  to  100  ml.  The  sample  is  thri 
ready  for  analysis.  Concentrations  s: 
determined  shall  be  reported  as  "tou.  " 

B.  Procedure. 
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9.1  Set  up  instrument  with  proper 
operating  parameters  established  in 
Section  5J.  Insimment  must  be  allowed 
to  stabilize  for  at  least  30  mis  prior  to 
operations. 

9.2  Initiate  appropriaate  operating 
configuration  of  computer. 

9J  Profile  and  calibrate  instrument 
according  to  instrument  manufacturer's 
recommended  procedures,  using  the 
typical  nrixed  calibraNon  standard 
solutions  described  in  Section  6.4.  Flush 
the  system  with  the  calibration  blank 

(6.5.1)  between  each  standard.  (See  note 
6.)  (The  use  of  the  average  intensity  of 
multiple  exposures  for  both 
standardization  and  sample  analysis 
has  been  found  to  reduce  random  error.) 

NOTE  B. — For  boron  concentrations  greater 
than  500  fig/l  extended  flush  times  of  1  to  2 
minutes  may  be  required. 

9.4  Before  begiiuiing  the  sample  run. 
reanalyze  the  highest  mixed  caL'bration 
standard  as  if  it  were  a  sample. 
Concentration  values  obtained  should 
not  deviate  from  the  actual  values  by 
more  than  2  percent  (or  the  established 
control  limits).  If  they  do,  follow  the 
recommendations  of  the  instrument 
manufacturer  to  correct  for  this 
condition. 

9.5  Begin  the  sample  run  flushing  the 
system  with  the  caUbration  blank  (6.5.1) 
between  each  sample.  (See  Note  &) 
Analyze  an  instrument  check  standard 

(6.6.1)  each  10  samples. 

9.6  If  it  has  been  found  that  methods 
of  standard  addition  are  required,  the 
following  procedure  is  recommended. 

9.6.1  The  standard  addition 
technique  (13.2)  involves  preparing  new 
standards  in  the  sample  matrix  by 
adding  known  amounts  of  standard  to 
one  or  more  aliquots  of  the  processed 
sample  solution.  This  technique 
compensates  for  a  sample  constituent 
that  enhances  or  depresses  the  analyte 
signal  thus  producing  a  different  slope 
from  that  of  the  calibration  standards.  It 
will  not  correct  for  additive  intererence 
which  causes  a  baseline  shift  The 
simplest  version  of  this  technique  is  the 
single-addition  method.  The  procedure 
is  as  follows.  Two  identical  aliquots  of 
the  sample  solution,  each  of  volume 
are  taken.  To  the  First  (labeled  A)  is 
added  a  small  volume  V,  of  a  standared 
analyte  solution  of  concentration  cv.  To 
the  second  (labeled  B)  is  added  the 
same  volume  V,  of  the  solvent  The 
analytical  signals  of  A  and  B  are 
measured  and  cc.Tected  for  nonanalyte 


{S*-S,)  V. 

where  S*  and  S,  are  the  analytical  signali 
(corrected  for  the  blank)  of  aolutiont  A 
and  B.  respectively.  V,  and  c,  should  be 
chosen  so  that  S«  ia  roughly  twice  $■  on 
the  average.  It  it  best  if  V,  is  made  much 
less  than  and  thus  c,  is  much  gresler 
than  to  avoid  excess  dilution  of  the 
sample  matrix.  If  a  separation  or 
concentration  step  it  used,  the  additions 
are  best  made  first  and  carried  through 
the  entire  procedure.  For  the  resuits  from 
this  technique  to  be  valid,  the  following 
Umilations  must  be  taken  into 
consideration: 

1.  The  analytical  curve  must  be  linear. 

Z  The  chemical  form  of  the  analyte  added 
must  respond  the  same  at  the  analyte  in  the 
sample. 

3.  The  interference  effect  must  be  constant 
over  the  working  range  of  concern. 

4.  The  signal  must  be  corrected  for  any 
additive  interference. 

10.  Calculation. 

10.1  Reagent  blanks  (6.5.2)  should  be 
subtracted  from  all  samples.  This  is 
particularly  important  for  digested 
samples  requiring  large  quaiftities  of 
acids  to  complete  the  digestion. 

10.2  If  dilutions  were  performed,  the 
appropriate  factor  must  be  applied  to 
sample  values. 

10J  Results  should  be  reported  to 
the  nearest  yig/l,  up  to  three  significant 
Figtires,  except  calcium,  magnesium, 
sodium,  and  potassium  which  are 
reported  to  the  nearest  0.1  mg/L 

11.  Quality  Control  (Instrumental). 

11.1  Check  the  instrument 

standardization  by  analyzing 
appropriate  quality  control  (Jieci 
standards  as  follow: 


11.1.1  Analyze  the  instru":*!  check 
standard  (6  6.1)  made  up  of  i  :r.e 
elements  of  interest  at  a  freci.-.cy  of 
JOZ.  This  check  standard  is  otd  to 
determine  instrument  drift.  I:  greemeni 
is  not  within  ±  2%  of  the  expeted 
values  or  within  the  establish d  control 
limits,  the  analysis  is  out  of  cctrol. 

11.1.2  For  the  purpose  of  v.-ifying 
interelemenl  and/or  backgrozd 
correction  factors,  analyze  a  tcond 
check  standard,  prepared  in  te 
following  manner.  Select  a 
representative  sample  which  cstains 
minimal  concentrations  of  the  lements 
of  interest  Spike  (his  sample  vi'Ji  the 
analytes  of  interest  at  or  near  30  >ig/l. 
(For  effluent  samples  of  txpezzd  high 
concentrations,  spike  at  an  epropriate 
level.)  Values  should  fall  withi  the 
established  control  levels  of  1.  times 
the  standard  deviation  of  the  r;an 
value  of  the  check  standard.  Ihot 
repeat  the  standardization. 

11.1  J  A  reference  standan.  6.6.2) 
from  an  outside  source,  but  havag 
known  concentration  values.  si~uld  be 
analyzed  as  a  blind  sample  on .  weekly 
frequency.  Values  should  be  w-ihin  the 
established  quality  control  limi!  If  not 
prepare  new  stock  standards. 

12.  Precision  and  Accuracy. 

12.1  In  an  EPA  round  phased  study, 
seven  laboratories  applied  the.CP 
technique  to  add-distilled  wate 
matrices  that  had  been  dosed  v.'Jb 
various  metal  concentrates.  Tabs  11  lists 
the  true  value,  the  mean  reportEi  value 
and  the  mean  %  relative  slandad 
deviation. 


Tab)*  II.— Prvasion  tno  Accirscy  Cmtt 
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signals.  The  im>.nown  sample  noj  mu  by  ubvitonox 

concentration  c,  is  calculated: 
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METHOD  9020 


TOTAL  ORGANIC  HALIDES  (TOX] 


1.0  Scope  and  Application 

1.1  Method  9020  determines  Total  Organic  Halides  (TOX)  as  Cl"  in 
drinking  and  ground  waters.  The  method  uses  carbon  adsorption  with  a 

mi crocoulometric-titration  detector.  It  requires  that  all  samples  be  run  in 
duplicate.  Under  conditions  of  duplicate  analysis,  the  reliable  limit  of 
sensitivity  is  5  pg/1. 

1.2  Method  9020  detects  all  organic  halides  containing  chlorine,  bromine 
and  iodine  that  are  adsorbed  by  granular  activated  carbon  under  the  conditions 
of  the  method.  Fluorine-containing  species  are  not  determined  by  this  method. 

1.3  Method  9020  is  applicable  to  samples  whose  inorganic-halide  concen¬ 
tration  does  not  exceed  the  organic-halide  concentration  by  more  than  20,000 
times. 

1.4  Method  9020  is  restricted  to  use  by,  or  under  the  supervision  of, 
analysts  experienced  in  the  operation  of  a  pyrolysis/microcoulometer  and  in 
the  interpretation  of  the  results. 

1.5  This  method  is  provided  as  a  recommended  procedure.  It  may  be  used 
as  a  reference  for  comparing  the  suitability  of  other  methods  thought  to  be 
appropriate  for  measurement  of  TOX  (i.e.,  by  comparison  of  sensitivity, 
accuracy,  and  precision  data). 

2.0  Summary  of  Method 

2.1  A  sample  of  water  that  has  been  protected  against  the  loss  of 
volatiles  by  the  elimination  of  headspace  in  the  sampling  container,  and  that 
is  free  of  undissolved  solids,  is  passed  through  a  column  containing  40  mg  of 
activated  carbon.  The  column  is  washed  to  remove  any  trapped  inorganic 
halides,  and  is  then  analyzed  to  convert  the  adsorbed  organohal ides  to  a 
titratable  species  that  can  be  measured  by  a  microcoulometric  detector. 

3.0  Interferences 

3.1  Method  interferences  may  be  caused  by  contaminants,  reagents, 
glassware,  and  other  sample  processing  hardware.  All  these  materials  must  be 
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routinely  demonstrated  to  be  free  from  interferences  under  the  conditions  of 
the  analysis  by  running  method  blanks. 

3.1.1  Glassware  must  be  scrupulously  cleaned.  Clean  all  glassware 
as  soon  as  possible  after  use  by  treating  with  chromate  cleaning  solution. 
This  should  be  followed  by  detergent  washing  in  hot  water.  Rinse  with 
tap  water  and  distilled  water,  drain  dry,  and  heat  in  a  muffle  furnace  at 
400*  C  for  15  to  30  min.  Volumetric  ware  should  not  be  heated  in  a  muffle 
furnace.  Glassware  should  be  sealed  and  stored  in  a  clean  environment  after 
drying  and  cooling  to  prevent  any  accumulation  of  dust  or  other  contaminants. 

3.1.2  The  use  of  high  purity  reagents  and  gases  helps  to  minimize 
interference  problems. 

3.2  Purity  of  the  activated  carbon  must  be  verified  before  use.  Only 
carbon  samples  that  register  less  than  1000  ng/40  mg  should  be  used.  The 
stock  of  activated  carbon  should  be  stored  in  its  granular  form  in  a  glass 
container  with  a  Teflon  seal.  Exposure  to  the  air  must  be  minimized, 
especially  during  and  after  milling  and  sieving  the  activated  carbon.  No 
more  than  a  two-week  supply  should  be  prepared  in  advance.  Protect  carbon  at 
all  times  from  all  sources  of  halogenated  organic  vapors.  Store  prepared 
carbon  and  packed  columns  in  glass  containers  with  Teflon  seals. 


4 . 0  Apparatu s_  and  Materials 
4.1  Adsorption  system 

4.1.1  Dohrmann  adsorption  module  (AD-2),  or  equivalent,  pressurized, 
sample  and  nitrate-wash  reservoirs. 

4.1.2  Adsorption  columns:  Pyrex,  5-cm-long  x  6-mm-O.D.  x  2-mm-I.D. 

4.2.3  Granular  activated  carbon  (GAC):  Fi  ltrasorb-400,  Calgon-APC 
or  equivalent,  ground  or  milled,  and  screened  to  a  100/200  mesh  range. 

Upon  combustion  of  40  mg  of  GAC,  the  apparent-halide  background  should 
be  1000  mg  Cl-  equivalent  or  less. 

4.1.4  Cerafelt  (available  from  Johns-Manvi 1 le ) ,  or  equivalent: 

Form  this  material  into  plugs  using  a  2-mm-I.D.  stainless-steel  borer 
with  ejection  rod  (available  from  Dohrmann)  to  hold  40  mg  of  GAC  in  the 
adsorption  columns.  CAUTION:  Do  not  touch  this  material  with  your 
fingers. 

4.1.5  Column  holders  (available  from  Dohrmann). 

4.1.6  Volumetric  flasks:  100-ml ,  50-ml .  A  general  schematic 
of  the  adsorption  system  is  shown  in  Figure  1. 
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Figure  1.  Schematic  of  Adsorption  System. 
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4.2  Dohrmann  microcoulometric-titration  system  (MCTS-20  or  DX-20),  or 
equivalent,  containing  the  following  components: 

4.2.1  Boat  sampler. 

4.2.2  Pyrolysis  furnace. 

4.2.3  Ml crocoul ometer  with  integrator. 

4.2.4  Titration  cell:  A  general  description  of  the  analytical 
system  is  shown  in  Figure  2. 

4.3  Strip  chart  recorder. 


5.0  Reagents 


5.1  Sodium  sulfite;  0.1  M,  ACS  reagent  grade  (12.6  g/liter). 

5.2  Nitric  acid:  Concentrated. 

5.3  Nitrate-wash  solution  (5000  mg  N03“/l ) ;  Prepare  a  nitrate-wash 
solution  by  transferring  approximately  8.2  g  of  potassium  nitrate  into  a  1-liter 
volumetric  flask  and  diluting  to  volume  with  reagent  water. 

5.4  Carbon  dioxide:  Gas,  99.95  purity. 

5.5  Oxygen:  99.9%  purity. 

5.6  Nitrogen:  Prepurified. 

5.7  70%  acetic  acid  in  water;  Dilute  7  volumes  of  acetic  acid  with  3 
volumes  of  water. 

5.8  Trichlorophenol  solution,  stock  (1  pi  =  lO  pg  Cl"):  Prepare  a 
stock  solution  by  weighing  accurately  1.856  g  of  trichlorophenol  into  a 
lOO-ml  volumetric  flask.  Dilute  to  volume  with  methanol. 

5.9  Trichlorophenol  solution,  calibration  (1  pi  =  500  ng  Cl"): 

Dilute  5  ml  of  the  trichlorophenol  stock  solution  to  100  ml  with  methanol. 

5.10  Trichlorophenol  standard, jLnst-rumejit-caVibration_:  First,  nitrate- 
wash  a  single  column  packed  with  40  mg  of  activated  carbon  as  instructed  for 
sample  analysis,  and  then  inject  the  column  with  10  pi  of  the  calibration 
solution. 

5.11  Trichlorophenol  standard,  adsorption-efficiency  (100  pg  Cl"/liter): 
Prepare  an  adsorption-jefficiencj  standard  by  injecting  10  pi  of  stock  solution 
into  1  liter  of  reagent  water. 
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5.12  Reagent  water:  Reagent  water  is  defined  as  a  water  in  which 

an  interferent  is  not  observed  at  the  method  detection  limit  of  each  parameter 
of  interest. 

6.13  Blank  standard:  The  reagent  water  used  to  prepare  the  calibration 
standard  should  be  used  as  the  blank  standard. 


6 . 0  Sample  Collection,  Preservation,  and  Handling 

6.1  All  samples  must  have  been  collected  using  a  sampling  plan  that 
addresses  the  considerations  discussed  in  Section  One  of  this  manual. 

6.2  All  samples  should  be  collected  in  bottles  with  teflon  septa 
(e.g..  Pierce  #12722  or  equivalent)  and  be  protected  from  light.  If  this  is 
not  possible,  use  amber  glass,  2 50 -ml ,  fitted  with  teflon-lined  caps.  Foil 
may  be  substituted  for  teflon  if  the  sample  is  not  corrosive.  Samples  must 
be  protected  against  loss  of  volatiles  by  eliminating  headspace  in  the 
container.  If  amber  bottles  are  not  available,  protect  samples  from  light. 
The  container  must  be  washed  and  muffled  at  400*  C  before  use,  to  minimize 
contamination. 

6.3  All  glassware  must  be  dried  prior  to  use  according  to  the  method 
discussed  in  3.1.1. 


7.0  Procedure 


7.1  Sample  preparation 

7.1.1  Special  care  should  be  taken  in  handling  the  sample  in  order 
to  minimize  the  loss  of  volatile  organohalides.  The  adsorption  procedure 
should  be  performed  simultaneously  on  duplicates, 

7.1.2  Reduce  residual  chlorine  by  adding  sulfite  (1  ml  of  0.1  M 
per  liter  of  sample).  Sulfite  should  be  added  at  the  time  of  sampling 
if  the  analysis  is  meant  to  determine  the  TOX  concentration  at  the  time 
of  sampling.  It  should  be  recognized  that  TOX  may  increase  on  storage 
of  the  sample.  Samples  should  be  stored  at  4*  C  without  headspace. 

7.1.3  Adjust  the  pH  of  the  sample  to  approximately  2  with  concen¬ 
trated  HNO3  just  prior  to  adding  the  sample  to  the  reservoir. 

7.2  Calibration 

7.2.1  Check  the  adsorption  efficiency  of  each  newly-prepared  batch 
of  carbon  by  analyzing  100  ml  of  the  adsorption-efficiency  standard,  in 
duplicate,  along  with  duplicates  of  the  blank  standard.  The  net  recovery 
should  be  within  5%  of  the  standard  value. 
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7.2.2  Nitrate-wash  blanks  (method  blanks):  Establish  the 
repeatability  of  the  method  background  each  day  by  first  analyzing 
several  nitrate-wash  blanks.  Monitor  this  background  by  spacing  nitrate- 
wash  blanks  between  each  group  of  eight  pyrolysis  determinations.  The 
nitrate-wash  blank  values  are  obtained  on  single  columns  packed  with 

40  mg  of  activated  carbon.  Wash  with  the  nitrate  solution  as  instructed 
for  sample  analysis,  and  then  pyrolyze  the  carbon. 

7.2.3  Pyrolyze  duplicate  i nstrument -cal i Oration  standards  and  the 
blank  standard  each  day  before  beginning  sample  analysis.  The  net 
response  to  the  calibration-standard  should  be  within  3%  of  the 
calibration-standard  value.  Repeat  analysis  of  the  instrument -calibration 
standard  after  each  group  of  eight  pyrolysis  determinations,  and  before 
resuming  sample  analysis  after  cleaning  or  reconditioning  the  titration 
cell  or  pyrolysis  system. 

7.3  Adsorption  procedure 

7.3.1  Connect  two  columns  in  series,  each  containing  40  mg  of 
100/200-mesh  activated  carbon. 

7.3.2  Fill  the  sample  reservoir,  and  pass  a  metered  amount  of 
sample  through  the  activated-carbon  columns  at  a  rate  of  approximately 

3  ml /min.  NOTE:  100  ml  of  sample  is  the  preferred  volume  for  concentra¬ 
tions  of  TOX  between  5  and  500  p9/l ;  50  ml  for  501  to  1000  pg/1 ,  and  25 
ml  for  1001  to  2000  pg/1 . 

7.3.3  Wash  the  columns-in-series  with  2  ml  of  the  5000-mg/l 
nitrate  solution  at  a  rate  of  approximately  2  ml/min  to  displace  inorganic 
chloride  ions. 

7.4  Pyrolysis  procedure 

7.4.1  The  contents  of  each  column  are  pyrolyzed  separately.  After 
rinsing  with  the  nitrate  solution,  the  columns  should  be  protected  from 
the  atmosphere  and  other  sources  of  contamination  until  ready  for 
further  analysis. 

7.4.2  Pyrolysis  of  the  sample  is  accomplished  in  two  stages.  The 
volatile  components  are  pyrolyzed  in  a  CO^-rich  atmosphere  at  a  low 
temperature  to  ensure  the  conversion  of  brominated  trihalomethanes  to 

a  titratable  species.  The  less  volatile  components  are  then  pyrolyzed 
at  a  high  temperature  in  an  02-rich  atmosphere.  NOTE:  The  quartz 
sampling  boat  should  have  been  previously  muffled  at  800*  C  for  at  least 
2  to  4  min  as  in  a  previous  analysis,  and  should  be  cleaned  of  any 
residue  by  vacuuming. 

7.4.3  Transfer  the  contents  of  each  column  to  the  quartz  boat  for 
individual  analysis. 
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7. A. 4  If  the  Dohrmann  MC-1  is  used  for  pyrolysis,  manual  instructions 
are  followed  for  gas  flow  regulation.  If  the  MCTS-20  is  used,  the 
information  on  the  diagram  in  Figure  3  is  used  for  gas  flow  regulation. 

7.4.5  Position  the  sample  for  2  min  in  the  200*  C  zone  of  the 
pyrolysis  tube.  For  the  MCTS-20,  the  boat  is  positioned  just  outside 
the  furnace  entrance. 

7.4.6  After  2  min,  advance  the  boat  into  the  800'  C  zone  (center) 
of  the  pyrolysis  furnace.  This  second  and  final  stage  of  pyrolysis  may 
require  from  6  to  10  min  to  complete. 

7.5  Detection:  The  effluent  gases  are  directly  analyzed  in  the  micro- 
coul onetri c-titration  cell.  Carefully  follow  manual  instructions  for  optimizing 
cell  performance. 

7.6  Breakthrough.  The  unpredictable  nature  of  the  background  bias 
makes  it  especially  difficult  to  recognize  the  extent  of  breakthrough  of 
organohal i des  from  one  column  to  another.  All  second-column  measurements  for 
a  properly  operating  system  should  not  exceed  10%  of  the  two-column  total 
measurement.  If  the  10%  figure  is  exceeded,  one  of  three  events  can  be 
happening.  Either  (1)  the  first  column  was  overloaded  and  a  legitimate 
measure  of  breakthrough  was  obtained,  in  which  case  taking  a  smaller  sample 
may  be  necessary;  or  (2)  channeling  or  some  other  failure  occurred,  in  which 
case  the  sample  may  need  to  be  rerun;  or  (3)  a  high  random  bias  occurred  and 
the  result  should  be  rejected  and  the  sample  rerun.  Because  it  may  not  be 
possible  to  determine  which  event  occurred,  a  sample  analysis  should  be 
repeated  often  enough  to  gain  confidence  in  results.  As  a  general  rule,  any 
analysis  that  is  rejected  should  be  repeated  whenever  sample  is  available. 

If  the  second-column  measurement  is  equal  to  or  less  than  the  nitrate-wash 
blank  value,  the  second-column  value  should  be  disregarded. 

7.7  Calculations:  TOX  as  Cl"  is  calculated  using  the  following 
fonnul  a : 

(C,-CJ  +  (C  -C  ) 

— ^ ^ — - - - —  =  pg/1  Total  Organic  Halide 

where : 

Cj  =  pg  Cl"  on  the  first  column  in  series 

Cj  =  pg  Cl"  on  the  second  column  in  series 

C3  =  predetermined,  daily,  average,  method-blank  value 
(nitrate-wash  blank  for  a  40-mg  carbon  column) 

V  =  the  sample  volume  in  liters. 
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tube;  Port  C  enters  outer  combustion  tube. 
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8.0  Quality  Control 


8.1  All  quality  control  data  should  be  maintained  and  available  for 
easy  reference  or  inspection. 

8.2  Before  performing  any  analyses,  the  analyst  must  demonstrate  the 
ability  to  generate  acceptable  accuracy  and  precision  with  this  procedure  by 
analyzing  appropriate  quality-control  check  samples. 

8.3  The  laboratory  must  develop  and  maintain  a  statement  of  method 
accuracy  for  their  laboratory.  The  laboratory  should  update  the  accuracy 
statement  regularly  as  new  recovery  measurements  are  made. 

8.4  Employ  a  minimum  of  one  blank  per  sample  batch  to  determine  if 
contamination  or  any  memory  effects  are  occurring. 

8.5  Run  check  standard  after  approximately  every  15  samples. 

8.6  Run  one  duplicate  sample  for  every  10  samples.  A  duplicate  sample 
is  a  sample  brought  through  the  whole  sample  preparations  process. 

8.7  It  is  recommended  that  the  laboratory  adopt  additional  quality- 
assurance  practices  for  use  with  this  method.  The  specific  practices  that 
would  be  most  productive  will  depend  upon  the  needs  of  the  laboratory  and  the 
nature  of  the  samples.  Field  duplicates  may  be  analyzed  to  monitor  the 
precision  of  the  sampling  technique.  Whenever  possible,  the  laboratory 
should  perform  analysis  of  standard  reference  materials  and  participate  in 
relevant  performance-evaluation  studies. 
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Method  325.3  (Titrimetric,  Mercuric  Nitrate) 

STORET  NO.  00940 


1.  Scope  and  Application 

1 . 1  This  method  is  applicable  to  drinking,  surface,  and  saline  waters,  domestic  and  industrial 
wastes. 

1 .2  The  method  is  suitable  for  all  concentration  ranges  of  chloride  content;  however,  in  order 
to  avoid  large  titration  volume,  a  sample  aliquot  containing  not  more  than  10  to  20  mg  Cl 
per  SO  ml  is  used. 

1 .3  Automated  titration  may  be  used. 

2.  Summary  of  Method 

2.1  An  acidified  sample  is  titrated  with  mercuric  nitrate  in  the  presence  of  mixed 
diphenylcarbazone-bromophenol  blue  indicator.  The  end  point  of  the  titration  is  the 
formation  of  the  blue-violet  mercury  diphenylcarbazone  complex. 

3.  Comments 

3. 1  Anions  and  cations  at  concentrations  normally  found  in  surface  waters  do  not  interfere. 

3.2  Sulfite  interference  can  be  eliminated  by  oxidizing  the  SO  ml  of  sample  solution  with  O.S 
to  1  mlofHjOj. 

4.  Apparatus 

4. 1  Standard  laboratory  titrimetric  equipment  including  a  1  ml  or  S  ml  microburet  with  0.01 
ml  graduations. 

5.  Reagents 

5.1  Standard  sodium  chloride,  0.02S  N:  Dissolve  1.4613  ±0.0002  g  (dried  at  600*C  for  1 
hour)  in  chloride-free  water  in  a  1  liter  volumetric  flask  and  dilute  to  the  mark. 

5.2  Nitric  acid,  HNO3  solution  (3  -I-  997) 

5.3  Sodium  hydroxide  solution,  NaOH,  (10  g/1) 

5.4  Hydrogen  i>eroxide  (30%),  HjOj 

5.5  Hydroquinone  solution  (10  g/liter):  Dissolve  1  g  of  purified  hydroquinone  in  water  in  a 
100  ml  volumetric  and  dilute  to  the  mark. 

5.6  Mercuric  nitrate  titrant  (0.141  N);  Dissolve  2S  g  Hg(N03)2»H20  in  900  ml  of  distilled 
water  acidified  with  S.O  ml  cone.  HNO3  in  a  1  liter  volumetric  flask  and  dilute  to  the 
mark  with  distilled  water.  Filter  if  necessary.  Standardize  against  standard  sodium 
chloride  solution  (5.1)  using  procedure  6.  Adjust  to  exactly  0. 141  N  9nd  check.  Store  in  a 
dark  bottle.  A  1 .00  ml  aliquot  is  equivalent  to  5.00  mg  of  chloride. 

5.7  Mercuric  nitrate  titrant  (0.025  N):  Dissolve  4.2830  g  Hg(N03)2*H20  in  50  ml  of  distilled 
water  acidified  with  0.5  ml  cone.  HNO3  (sp.  gr.  1.42)  in  a  1  liter  volumetric  flask  and 
dilute  to  the  mark  with  distilled  water.  Filter  if  necessary.  Standardize  against  standard 
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sodium  chloride  solution  (5.1)  using  procedure  6.  Adjust  to  exactly  0.025  N  and  check. 
Store  in  a  dark  bottle. 

5.8  Mercuric  nitrate  titrant  (0.0141  N);  Dissolve  2.4200  g  Hg(NO0:*H:O  in  25  ml  of 
distilled  water  acidified  with  0.25  ml  of  cone.  HNOj  (sp.  gr.  1.42)  in  a  1  liter  volumetric 
flask  and  dilute  to  the  mark  with  distilled  water.  Filter  if  necessary.  Standardize  against 
standard  sodium  chloride  solution  (5.1)  using  procedure  6.  Adjust  to  exactly  0.0141  N 
and  check.  Store  in  a  dark  bottle.  A  1  ml  aliquot  is  equivalent  to  500  ug  of  chloride. 

5.9  Mixed  indicator  reagent:  Dissolve  0.5  g  crystalline  diphenylcarbazone  and  0.05  g 
bromophenol  blue  powder  in  75  ml  95%  ethanol  in  a  100  ml  volumetric  flask  and  dilute 
to  the  mark  with  95%  ethanol.  Store  in  brown  bottle  and  discard  after  6  months. 

5.10  Alphazurine  indicator  solution:  Dissolve  0.005  g  of  alphazurine  blue-green  dye  in  95% 
ethanol  or  isopropanol  in  a  100  ml  volumetric  and  dilute  to  the  mark  with  95%  ethanol 
or  isopropanol. 

Procedure 

6.1  Place  50  ml  of  sample  in  a  vessel  for  titration.  If  the  concentration  is  greater  than  20 
mg/1  chloride,  use  0.141  N  mercuric  nitrate  titrant  (5.6)  in  step  6.6  or  dilute.  If  the 
concentration  is  less  than  2.5  mg/1  of  chloride,  use  0.0141  N  mercuric  nitrate  titrant 
(5.8)  in  step  6.6,  a  1  ml  or  5  ml  microburet,  and  determine  an  indicator  blank  on  50  ml 
chloride-free  water  using  procedure  6.6.  If  the  concentration  is  less  than  0.1  mg/1  of 
chloride  concentrate  an  appropriate  volume  to  50  ml. 

6.2  Add  5  to  10  drops  of  mixed  indicator  reagent  (5.9),  shake  or  swirl  solution. 

6.3  If  a  blue-violet  or  red  color  appears  add  HNO3  solution  (5.2)  dropwise  until  the  color 
changes  to  yellow. 

6.4  If  a  yellow  or  orange  color  forms  immediately  on  addition  of  the  mixed  indicator,  add 
NaOH  solution  (5.3)  dropwise  until  the  color  changes  to  blue-violet;  then  add  HNO3 
solution  (5.2)  dropwise  until  the  color  changes  to  yellow. 

6.5  Add  1  ml  excess  HNO3  solution  (5.2). 

6.6  Titrate  with  0.025  N  mercuric  nitrate  titrant  (5.7)  until  a  blue-violet  color  persists 
throughout  the  solution.  See  6. 1  for  choice  of  titrant  normality.  Alphazurine  indicator 
solution  (5.10)  may  be  added  with  the  indicator  to  sharpen  the  end  point.  This  will 
change  color  shades.  Practice  runs  should  be  made. 

6.7  Additional  steps  to  eliminate  particular  interferences: 

6.7. 1  If  chromate  is  present  at  <  100  mg/1  and  iron  is  not  present,  add  some  alphazurine 
indicator  solution  (5. 10)  and  acidify  to  pH  3  (indicating  paper).  End  point  will  then 
be  an  olive-purple  color. 

6.7.2  If  chromate  is  present  at  >  100  mg/1  and  iron  is  not  present,  add  2  ml  of  fresh 
hydroquinone  solution  (5.5). 

6.7.3  If  ferric  ion  is  present  use  volume  containing  no  more  than  2.5  mg  of  ferric  ion  or 
ferric  ion  plus  chromate  ion.  Add  2  ml  fresh  hydroquinone  solution  (5.5). 

6.7.4  If  sulfite  ion  is  present,  add  0.5  ml  of  HjO,  solution  (5.4)  to  50  ml  sample  and  mix 
for  1  minute. 
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7. 


Calculation 


where: 

A  =  ml  titrant  for  sample 

B  =  ml  titrant  for  blank 

N  =  normality  mercuric  nitrate  titrant 

mg  NaCl/1  =  mg  chloride/1  x  1.65 

8.  Precision  and  Accuracy 

8. 1  Forty  two  analysts  in  eighteen  laboratories  analyzed  synthetic  water  samples  containing 
exact  increments  of  chloride,  with  the  following  results: 


Increment  as 

Precision  as 

Accuracy  as 

Chloride 

Standard  Deviation 

Bias, 

Bias, 

mg/liter 

mg/liter 

% 

mg/liter 

17 

1.54 

-h2.16 

+  0.4 

18 

1.32 

+  3.50 

+  0.6 

91 

2.92 

+0.11 

+  0.1 

97 

3.16 

-0.51 

-0.5 

382 

11.70 

-0.61 

-2.3 

398 

11.80 

-1.19 

-4.7 

(FWPCA  Method  Study  1,  Mineral  and  Physical  Analyses) 

8.2  In  a  single  laboratory  (EMSL),  using  surface  water  samples  at  an  average  concentration 
of  34  mg  Cl/ 1 ,  the  standard  deviation  was  ±1.0. 

8.3  A  synthetic  unknown  sample  containing  241  mg/1  chloride,  108  mg/1  Ca,  82  mg/1  Mg, 
3.1  mg/1  K,  19.9  mg/1  Na,  1.1  mg/I  nitrate  N,  0.25  mg/1  nitrite  N,  259  mg/1  sulfate 
and  42.5  mg/1  total  alkalinity  (contributed  by  NaHCOj)  in  distilled  water  was  analyzed 
in  10  laboratories  by  the  mercurimetric  method,  with  a  relative  standard  deviation  of 
3.3%  and  a  relative  error  of  2.9%. 
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Method  375.4  (Turbidimetric) 

STORET  NO.  Total  00945 

1 .  Scope  and  Application 

1 . 1  This  method  is  applicable  to  drinking  and  surface  waters,  domestic  and  industrial  wastes. 

1 .2  The  method  is  suitable  for  all  concentration  ranges  of  sulfate;  however,  in  order  to  obtain 
reliable  readings,  use  a  sample  aliquot  containing  not  more  than  40  mg  SOy  I . 

1 .3  The  minimum  detectable  limit  is  approximately  1  mg/ 1  sulfate. 

2.  Summary  of  Method 

2. 1  Sulfate  ion  is  converted  to  a  barium  sulfate  suspension  under  controlled  conditions.  The 
resulting  turbidity  is  determined  by  a  nephelometer,  filter  photometer  or 
spectrophotometer  and  compared  to  a  curve  prepared  from  standard  sulfate  solutions. 

2.2  Suspended  matter  and  color  interfere.  Correct  by  running  blanks  from  which  the  barium 
chloride  has  been  omitted. 

2.3  Silica  in  concentrations  over  500  mg/1  will  interfere. 

3.  Comments 

3. 1  Proprietary  reagents,  such  as  Hach  Sulfaver  or  equivalent,  are  acceptable. 

3 . 2  Preserve  by  refrigeration  at  4*C. 

4.  Apparatus 

4. 1  Magnetic  stirrer,  variable  speed  so  that  it  can  be  held  constant  just  below  splashing.  Use 
identical  shape  and  size  magnetic  stirring  bars. 

4.2  Photometer:  one  of  the  following  which  arc  given  in  order  of  preference. 

4.2.1  Nephelometer 

4.2.2  Spectrophotometer  for  use  at  420  nm  with  light  path  of  4  to  5  cm. 

4.2.3  Filter  photometer  with  a  violet  filter  having  a  maximum  near  420  nm  and  a  light 
path  of  4  to  3  cm  • 

4.3  Stopwatch,  if  the  magnetic  stirrer  is  not  equipped  with  an  accurate  timer. 

4.4  Measuring  spoon,  capacity  0.2  to  0.3  ml. 

5.  Reagents 

5. 1  Conditioning  reagent:  Place  30  ml  cone.  HCl,  300  ml  distilled  water,  100  ml  95%  ethanol 
or  isopropanol  and  75  g  NaCl  in  solution  in  a  container.  Add  50  ml  glycerol  and  mix. 

5.2  Barium  chloride,  BaCl,,  crystals,  20  to  30  mesh. 

5.3  Sodium  carbonate  solution  (approximately  0.05N):  Dry  3  to  5  g  primary  standard 
NajCOs  at  250'C  for  4  hours  and  cool  in  a  desiccator.  Weigh  2.5  ±0.2  g  (to  the  nearest 
mg),  transfer  to  a  1  liter  volumetric  flask  and  fill  to  the  mark  with  distilled  water. 
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5.4  Standard  sulfate  solution  ( 1 .00  ml  =  100  ug  SO4):  Prepare  by  either  5.4.1  or  5.4.2. 

5.4. 1  Standard  sulfate  solution  from  H  SOj 

5.4. 1.1  Standard  sulfuric  acid,  0.  IN:  dilute  3.0  ml  cone.  H^SO^  to  1  liter  with 
distilled  wiater.  Standardize  versus  40.00  ml  of  0.05  ^NaXOj  solution 
(5.3)  with  about  60  ml  distilled  water  by  titrating  potentiometncally  to 
pH  about  5.  Lift  electrodes  and  rinse  into  beaker.  Boil  gently  for  3-5 
minutes  under  a  watch  glass  cover.  Cool  to  room  temperature.  Rinse 
cover  glass  into  beaker.  Continue  titration  to  the  pH  inflection  point. 
Calculate  normality  using 


N  = 


A  X  B 
53.00  X  C 


where: 

A  =  g  NajCOj  weighed  into  1  liter 
B  =  ml  NajCOj  solution 
C  =  ml  acid  used  to  inflection  point 

5.4. 1 .2  Standard  acid,  0.02  Dilute  appropriate  amount  of  standard  acid,  0. 1 
^(5. 4.1.1)  to  1  liter  (200.{X)ml  if  0.1000^.  Check  by  standardization 
versus  15  ml  of  0.05  ]^NajC03  solution  (5.3). 

5. 4. 1.3  Place  10.41  ml  standard  sulfuric  acid,  0.02  ^(5.4. 1.2)  in  a  100  ml 
volumetric  and  dilute  to  the  mark. 

5.4.2  Standard  sulfate  solution  from  Na2S04:  Dissolve  147.9  mg  anhydrous  NajS04  in 
distilled  water  in  a  1  liter  volumetric  flask  and  dilute  to  the  mark  with  distilled 
water. 

Procedure 

6. 1  Formation  of  barium  sulfate  turbidity 

6.1.1  Place  100  ml  sample,  or  a  suitable  portion  diluted  to  100  ml,  into  a  250  Erlenmeyer 
flask. 

6. 1 .2  Add  exactly  5.0  ml  conditioning  reagent  (5.1). 

6. 1 .3  Mix  in  the  stirring  apparatus. 

6.1.4  While  the  solution  is  being  stirred,  add  a  measuring  spoonful  of  BaCIj  crystals  (5.2) 
and  begin  timing  immediately. 

6. 1 .5  Stir  exactly  1 .0  minutes  at  constant  speed. 

6.2  Measurement  of  barium  sulfate  turbidity 

6.2. 1  Immediately  after  the  stirring  period  has  ended,  pour  solution  into  absorbance  cell. 

6.2.2  Measure  turbidity  at  30  second  intervals  for  4  minutes. 

6.2.3  Record  the  maximum  reading  obtained  in  the  4  minute  period. 

6.3  Preparation  of  calibration  curve. 

6.3. 1  Prepare  calibration  curve  using  standard  sulfate  solution  (5.4). 

6.3.2  Space  standards  at  5  mg/1  increments  in  the  0-40  mg/1  sulfate  range. 
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1  ft-  i''f  t-ap  is 

La:''  -f^tr  .■•  "•  i"*-  I'lt-".  cas '.o 

-•s;  L'^fc  o’D~a'i'is  c"io  a  gas 
-"'.aLog-ao''.  1  coiuirin.  The  gas 
r  T-.aLcg-aoh  is  le'ripe-aiu'e  pro- 
— 'Ties  Lo  sepaiate  the  atomatics 
:h  a'e  then  detected  with  a  phoio- 
. ration  detector  '2-3' . 

The  method  provides  an  optional 
-  chromatographic  column  that  may 
helpful  in  resolving  the  compounds 
interest  from  interferences  that  may 
cur. 

Interferences 

1  Impurities  in  the  purge  gas  and 
□  anic  compounds  out-gassing  from 
plumbing  ahead  of  the  trap  account 
•  the  majority  of  contamination 
cblems.  The  analytical  system  must 
I  oemonstrated  to  be  free  from 
ohtammation  under  the  conditions  of 
£  analysis  by  running  laboratory 
sagent  blanks  as  described  in  Section 
5.  The  use  of  non-TFE  plastic  tubing, 
cn-TFE  thread  sealants,  or  flow 
ontro/lers  with  rubber  components  in 
-e  purging  device  should  be  avoided. 

,.2  Samples  can  be  contaminated  by 
L  'fusion  of  volatile  organics  through 
're  septum  seal  into  the  sample  during 
■■'-pment  and  storage.  A  field  reagent 
r  ank  prepared  from  reagent  water  and 
carried  through  the  sampling  and 
-andling  protocol  can  serve  as  a  check 
rn  such  contamination. 

2.3  Contamination  by  carry-over  can 
occur  whenever  high  level  and  low 
“vel  samples  are  sequentially 
Bhalyzed.  To  reduce  carry-over,  the 
cjrging  device  and  sample  syringe 
-nust  be  rinsed  with  reagent  water 
cetween  sample  analyses.  Whenever 
rn  unusually  concentrated  sample  is 
rncountered.  it  should  be  followed  by 
:  '  analysis  of  reagent  water  to  check 
T'  cross  contamination  For  samples 
containing  targe  amounts  of  water- 
soiuble  materials,  suspended  solids, 
-igh  boiling  compounds  or  high 
a'omatic  levels,  it  may  be  necessary  to 
wash  out  the  purging  device  with  a 
cetergent  solution,  rinse  it  with  distilled 
water,  and  then  dry  it  m  an  oven  at 
■  05  “C  between  analyses  The  trap 
and  other  parts  of  the  system  are  also 
subject  to  contamination;  therefore, 
•'equen?  bakeoul  and  purging  of  the 
•■ntire  systern  may  be  required. 

4.  Safety 

4  1  The  toxicitv  or  carcinogenicity  of 
each  reagent  used  in  this  method  has 
"ot  been  precisely  defined,  however, 
each  chemical  co'npound  should  be 


treated  as  a  potential  nacard 

F 1  oTi  ir-'S  ifcw  pc'  nt  t  xpcE'j'e  to  f-  ese 
chemica  s  must  be  reduced  to  the 
lowest  possible  level  by  whatever 
means  availaoie  The  laboratory  is 
responsible  for  maintaining  a  cu'rent 
awareness  file  of  OSHA  regulations 
regarding  the  safe  handling  of  the 
chemicals  specified  m  this  method.  A 
reference  file  of  material  data  handling 
sheets  should  also  be  made  available  to 
all  personnel  involved  in  the  chemical 
analysis.  Additional  references  to 
laboratory  safety  are  available  and 
have  been  identified*'*  6i  for  the 
information  of  the  analyst. 

4.2  The  following  parameters  covered 
by  this  method  have  been  tentatively 
classified  as  known  or  suspected, 
human  or  mammalian  carcinogens; 
benzene  and  1  .A-dichlorobenzene, 
Primary  standards  of  these  toxic 
compounds  should  be  prepared  in  a 
hood.  An  NIOSH/MESA  approved  toxic 
gas  respirator  should  be  worn  when  the 
analyst  handles  high  concentrations  of 
these  toxic  compounds. 

5.  Apparatus  and  Materials 

5.1  Sampling  equipment,  for  discrete 
sampling. 

5.  J.  1  Vial—  25-mL  capacity  or  larger, 
equipped  with  a  screw  cap  with  hole  in 
center  (Pierce  #1  3075  or  equivalent). 
Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  105  ”0 
before  use. 

5. 1.2  Septum  — Teflon-faced  silicone 
(Pierce  #1  2722  or  equivalent). 
Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  1 05  °C  for 
one  hour  before  use. 

5.2  Purge  and  trap  device— The 
purge  and  trap  device  consists  of  three 
separate  pieces  of  equipment;  the 
sample  purger.  trap,  and  the  desorber. 
Several  complete  devices  are  now 
commercially  available. 

5.2. 1  The  sample  purger  must  be 
designed  to  accept  5-mL  samples  with 
a  water  column  at  least  3  cm  deep. 

The  gaseous  head  space  between  the 
water  column  and  the  trap  must  have  a 
total  volume  of  less  than  1  5  mL.  The 
purge  gas  must  pass  through  the  water 
column  as  finely  divided  bubbles  with  a 
diameter  of  less  than  3  mm  at  the 
origin.  The  purge  gas  must  be  intro¬ 
duced  no  more  than  5  mm  from  the 
base  of  the  water  column.  The  sample 
purger,  illustrated  in  Figure  1,  meets 
these  design  criteria. 


5  2  2  Tbe  lisp  mus'  b?  a'  Ic-esi  25 
cm  long  anc  I'lavt  ar  'n'-iat  o  ameie'  c' 
s;  leas'i  0  106  inch 

5  2  2.  1  The  trap  is  packed  with  1  cr- 
of  methyl  silicone  and  23  cm 
2,6-diphenYlene  oxide  polymer  as 
shown  in  Figure  2.  This  trap  was  used 
to  develop  the  method  performance 
statements  in  Section  1  2. 

5. 2. 2. 2  Alternatively,  either  of  the 
two  traps  described  in  Method  601 
may  be  used,  although  water  vapor  will 
preclude  the  measurement  of  low 
concentrations  of  benzene. 

5.2.3  The  desorber  must  be  capable 
of  rapidly  heating  the  trap  to  1  80  °C. 
The  polymer  section  of  the  trap  should 
not  be  heated  higher  than  1  80  °C  and 
the  remaining  sections  should  not 
exceed  200  °C.  The  desorber  design, 
illustrated  in  Figure  2,  meets  these 
criteria. 

5.2.4  The  purge  and  trap  device  may 
be  assembled  as  a  separate  unit  or  be 
coupled  to  a  gas  chromatograph  as 
.illustrated  in  Figures  3,  4,  and  5. 

5.3  Gas  chromatograph— Analytical 
system  complete  with  a  temperature 
prograrnmable  gas  chromatograph 
suitable  for  on-column  injection  and  all 
required  accessories  including  syringes, 
analytical  columns,  gases,  detector, 
and  stripchart  recorder.  A  data  system 
is  recommended  for  measuring  peak 
areas. 

5.3. 1  Column  1  —6  ft  long  x  0.082 
in  ID  stainless  steel  or  glass,  packed 
with  5%  SP-1200  and  1.75% 
Bentone-34  on  Supelcopon  ( 1  00/ 1  20 
mesh)  or  equivalent.  This  column  was 
used  to  develop  the  method  perfor¬ 
mance  statements  and  the  MDLs  listed 
In  Tables  1  and  2.  Guidelines  for  the 
use  of  alternate  column  packings  are 
provided  in  Section  10.1.  . 

5.3.2  Column  2  — 8  ft  long  x  0.1  in 
ID  stainless  steel  or  glass,  packed  with 
5%  1 ,2,3-Tris(2-cyanoethoxv)propane 
on  Chtomosorb  W-AW  (60/80  mesh) 
or  equivalent. 

5.3.3  Detector— Photoionization 
detector  (h-nu  Systems,  Inc.  Model 
PI-51 -02  or  equivalent).  This  type  of 
detector  has  beer>  proven  effective  in 
the  analysis  of  wastewaters  for  the 
parameters  listed  in  the  scope,  and 
was  used  to  develop  the  performance 
statements  m  Section  1  2  Guidelines 
for  the  use  of  alternate  detectors  are 
provided  in  Section  10.1. 

5.4  Syringes-  5-mL  glass 
hypodermic  with  Luerlok  tip  (two  each), 
if  applicable  to  the  purge  device. 
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1 .  Scope  and  Application 

1 . 1  This  method  covers  the  do’ermi- 
natiort  of  various  purgeable  aromatics. 
The  following  parameters  may  be 
determined  by  this  method: 

Parameter 

Benzene 

Chlorobenzene 

1 .2- Dichlorobenzene 

1 .3- Dichlorobenzene 

1 .4- Dichlorobenzene 
Ethylbenzene 
Toluene 

1 .2  This  is  a  purge  and  trap  gas 
chromatographic  method  applicable  to 
the  determination  of  the  compounds 
listed  above  in  municipal  and  industrial 
discharges  as  provided  under  40  CFR 

1 36. 1 .  When  this  method  is  used  to 
analyze  unfamiliar  samples  for  any  or 
all  of  the  compounds  above,  compound 
identifications  should  be  supported  by 
at  least  one  additional  qualitative 
technique.  This  method  describes 
analytical  conditions  for  a  second  gas 
chromatographic  column  that  can  be 
used  to  confirm  measurements  made 
with  the  primary  column.  Method  624 
provides  gas  chromatographimass 
spectrometer  (GC/MSI  conditions 
appropriate  for  the  qualitative  and 
quantitative  confirmation  of  results  for 
all  of  the  parameters  listed  above. 

1 .3  The  method  detection  limit  IMDL, 
defined  in  Section  1 2.1  Hi)  for  each 
parameter  is  listed  in  Table  1.  The  MDL 
for  a  specific  wastewater  may  differ 
from  these  listed  depending  upon  the 
nature  of  interferences  in  the  sample 
matrix. 


STORET  No. 

CAS  No. 

34030 

71-43-2 

34301 

108-90-7 

34536 

95-50-1 

34566 

541-73-1 

34571 

106-46-7 

34371 

100-41-4 

34010 

108-88-3 

1.4  Any  modification  of  this  method, 
beyond  those  expressly  permitted, 
shall  be  considered  as  major  modifica¬ 
tions  subject  to  application  and 
approval  for  alternate  test  procedures 
under  40  CFR  1  36.4  and  1 36.5 

1.5  This  method  is  restricted  to  use 
by  or  under  the  supervision  of  analysts 
experienced  in  the  operation  of  a  pu'ge 
and  trap  system  and  a  gas  chromato¬ 
graph  and  in  the  interpretation  of 
chromatograms.  Each  analyst  must 
demonstrate  the  ability  to  generate 
acceptable  results  with  this  method 
using  the  procedure  described  in 
Section  8.2. 

2.  Summary  of  Method 

2.1  An  inert  gas  is  bubbled  through  a 
5-mL  water  sample  contained  in  a 
specially-designed  purging  chamber  at 
ambient  temperature.  The  aromatics 
are  efficiently  transferred  from  the 
aqueous  phase  to  the  vapor  phase  The 
vapor  is  swept  through  a  sorbent  trap 
where  the  aromatics  are  trapped.  After 
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Column  oven 


earner  gas  tiov.  control 


-  essure  reoulaior 


Liquid  injection  ports 

1 


Purge  gas 
How  control  ' 


1 3X  molecular  — ^ 
sieve  filter 


. .  —  Confirmatory  column 
I  /  To  detector 

Analytical  column 


Heater  control 


Note: 

AH  fines  between 
trap  and  GC 
should  be  heated 
to  80^C 


Purging 

device 


riBur*  4.  Schematic  of  purge  and  trap  device  —  desorb  mode 


Column:  1%  SP-1000  on  Carbopack-8 


Retention  time,  minutes 


'tgur*  6.  Gas  chromatogram  of  purgeable  halocarbons 
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Single  Operswr  Accuracy  end  Precision 


A  verage 
Percent 
Recovery 

Standard 

Deviation 

9o 

Sptke 

Range 

(ug'L! 

Number 

of 

Analyses 

Matrix 

Types 

- TO  cMoromethane 

100.9 

5.0 

0.43-46.  7 

21 

3 

-’Drm 

89.5 

9.0 

1.45-50 

20 

3 

rmethane 

105.0 

17.3 

3.39-49.2 

21 

3 

r~  tetrachloride 

82.5 

25.6 

0.55-50 

19 

3 

—  ’^Benzene 

93.9 

8.9 

2.21-50 

20 

3 

- -:e  thane 

91.5 

22.^ 

3.95-50 

21 

3 

-  -:o.'oethylvinyl  ether 

96.3 

9.9 

4.39-133 

20 

3 

-  Torm 

101.7 

20.6 

0.44-50 

20 

3 

—  --cmethane 

91.4 

13.4 

0.55-23.9 

21 

3 

_ ochtoromethane 

98.3 

6.5 

0.75-93.0 

21 

3 

—::hlorobemene 

10.20 

2.0 

4.89-154 

21 

3 

...  -j:  chlorobenzene 

91.6 

4.3 

2.94-46.7 

21 

3 

^■■chlorobenzene 

97.5 

9.3 

2.99-51.6 

21 

3 

'  -  -Tccrodifluoromethane 

87.8 

18.0 

2. 18-43.4 

21 

3 

^.chloroethane 

102.3 

5.5 

0.44-46.7 

21 

3 

u.chloroethane 

97.8 

4.8 

0.44-46.7 

21 

3 

^.chloroethene 

101. 1 

21.7 

0.37-50 

19 

3 

:  .2-Dichloroethene 

91.0 

19.3 

0.44-98.0 

20 

3 

-j:chloropropane 

97.7 

8.8 

0.29-39.0 

21 

3 

3 -Dichloropropene 

86.7 

6.0 

0.44-46.7 

21 

3 

: .  3 -Dichloropropene 

73.5 

17.2 

0.43-50 

20 

3 

“*=“~"v/e/ie  chloride 

97.9 

2.6 

0.  73-46.  7 

21 

3 

2-Tetrachloroethane 

91.9 

15.0 

0.46-46.7 

21 

3 

--- _  -cnloroethene 

94. 1 

18. 1 

0.50-35.0 

21 

3 

Trichloroethane 

75. 1 

12.5 

0.37-29.0 

21 

3 

7 richloroe  thane 

91.0 

25.1 

0.45-50 

21 

3 

-  - rcoroethene 

106. 1 

7.4 

0.38-46.7 

21 

3 

- -.'crofluoromethane 

89.3 

13.9 

149 

14 

2 

chloride 

101.9 

11.4 

0.82-32.3 

21 

3 

Optional  p  ^ 
Foam 


Trap 


Exit  V4  in. 
O.D. 

^  14mm 
O.D 
Inlat  V4  in. 

^  —DJy. 


V4  in. _ 

O.D.  ax  it 


10mm  glass  frit 
medium  porosity 


Sample  Inlet 
2 -way  Syringe  valve 
“• —  17cm  20  gauge  syringe  needle 

•^6mm  O.D.  Rubber  Septum 


^  10mm  O.D. 

r^TA,—  Inlet 
^  "  '/4  in.  O.D. 


in  O.D. 

\V Stainless  Steel 


13X  molecular 
sieve  purge 
gas  filter 


Purge  gas 
JL*.  flow  control 


Figur*  1.  Purging  device 
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-.:ai  Moniionng  and  Support 

Table  1.  Ch'orr.atog'aphic  Condi!>ons  and  Itlelhod  Dctec: 

lOn  limns 

—  Cincinnati,  Ohio  45268. 

79. 

Rerention  Time 

Method 

'.*ethod  Validation  Study  23. 

Imin.l 

Detection  Limit 

r  i  (Puigeable  Halocaibonsl." 

Parameter 

Column  1  Column  2 

(jg'i 

-  EPA  Contract  68-03-2856 

Chloromethane 

1.50  5.28 

0.08 

ationl. 

Bromomethane 

2.17  7.05 

1.  18 

Dichlorodifluoromethane 

2.62 

nd 

1.81 

Vinyl  chloride 

2.67 

5.28 

0.  18 

Chloroethane 

3.33 

8.68 

0.52 

Methylene  chloride 

5.25 

10.  1 

0.25 

Trichlorofluoromethane 

7. 18 

nd 

nd 

1, 1  -Dichloroethene 

7.93 

7.  72 

0. 13 

1, 1 -Dichloroethane 

9.30 

12.6 

0.07 

trans- 1, 2-Oichloroethene 

10.  1 

9.38 

0.  10 

Chloroform 

10.7 

12. 1 

0.05 

1.2-  DicNoroe  thane 

1 1.4 

15.4 

0.03 

1,1, 1  -Trichloroethane 

12.6 

13.  1 

0.03 

Carbon  tetrachloride 

13.0 

14.4 

0. 12 

Bromodichloromethane 

13.7 

14.6 

0. 10 

1, 2-Dichloropropane 

14.9 

16.6 

0.04 

trans- 1 ,3-Dichloropropene 

15.2  • 

16.6 

0.34 

Trichloroethene 

15.8 

13.  1 

0. 12 

Dibromochloromethane 

16.5 

16.6 

0.09 

1,  1,2-  Trichloroethane 

16.5 

18. 1 

0.02 

cis- 1 , 3-Dichloropropene 

16.5 

18.0 

0.20 

2-Chloroethylvinyl  ether 

18.0 

nd 

0.  13 

Bromoform 

19.2 

19.2 

0.20 

1,  1 ,2,2-Tetrachloroethane 

21.6 

nd 

0.03 

Tetrachloroethene 

21.7 

15.0 

0.03 

Chlorobenzene 

24.2 

18.8 

0  25 

1, 3-Dichlorobenzene 

34.0 

22.4 

0.32 

1 , 2-Dichlorobenzene 

34.9 

23.5 

0. 15 

1, 4-Dichlorobenzene 

35.4 

22.3 

0.24 

nd  -  not  determined 

Column  1  conditions:  Carbopeck  B  60/80  mesh  coated  with  1  %  SR- 1 000 packed  in 
an  8  ft  X  0.1  in  ID  stainless  steel  or  glass  column  with  helium  carrier  gas  at  40 
mUmin  flow  rate.  Column  temperature  held  at  45  "C  for  3  min.  then  programmed 
at  8  '‘C/min.  to  220  ®  and  held  for  1 5  min. 

Column  2  conditions:  PorasU-C  1 00/120  mesh  coated  with  n-octane  packed  in  a  6  ft 
X  0.1  in  ID  stainless  steel  or  glass  column  with  helium  carrier  gas  at  40  mUmin 
flow  rate.  Column  temperature  held  at  50  °C  for  3  min  then  programmed  at 
6  °C/min  to  170°  and  held  for  4  min. 
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sy>inge  plunge'  and  compress  t^>e 
sarnpie.  Open  the  synnoe  ve^vt- 
vent  any  residual  air  while  ad  w" 
sample  volume  to  5  0  mL.  S.nct  th.s 
process  o(  taking  an  aliquot  destroys 
the  validity  o1  the  sample  lor  future 
analysis,  the  analyst  should  fill  a 
second  syringe  at  this  time  to  protect 
against  possible  loss  of  data.  Add 
10.0  pC  of  the  surrogate  spiking  solu¬ 
tion  (8.7)  and  1 0.0  pL  of  the  internal 
standard  spiking  solution  (Section 
7.4.2),  if  applicable,  through  the  valve 
bore,  then  close  the  valve. 

10.5  Attach  the  syringe-syringe 
valve  assembly  to  the  syringe  valve  on 
the  purging  device.  Open  the  syringe 
valves  and  inject  the  sample  into  the 
purging  chamber. 

10.6  Close  both  valves  and  purge  the 
sample  for  1 1 .0  ±  .1  minutes  at 
ambient  temperature. 

10.7  After  the  1 1 -minute  purge  time, 
attach  the  trap  to  the  chromatograph, 
adjust  the  device  to  the  desorb  mode, 
and  begin  to  temperature  program  the 
gas  chromatograph.  Introduce  the 
trapped  materials  to  the  GC  column  by 
rapidly  heating  the  trap  to  1  80  ‘*C 
while  backflushing  the  trap  with  an 
inert  gas  between  20  and  60  mL/min 
for  four  minutes.  If  rapid  heating  of  the 
trap  cannot  be  achieved,  the  gas 
chromatographic  column  must  be  used 
as  a  secondary  trap  by  cooling  it  to 

30  “C  (subambient  temperature,  if  poor 
peak  geometry  or  random  retention 
time  problems  persist)  instead  of  the 
initial  program  temperature  of  4  5®C. 

10.8  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample  in¬ 
troduction  syringe.  Wash  the  chamber 
with  two  5-mL  flushes  of  reagent 
water. 

10.9  After  desorbing  the  sample  for 
four  minutes  recondition  the  trap  by 
returning  the  purge  and  trap  device  to 
the  purge  mode.  Wait  1  5  seconds  then 
close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the 
trap.  The  trap  temperature  should  be 
maintained  at  1  80  ®C.  After  approxi¬ 
mately  seven  minutes  turn  off  the  trap 
heater  and  open  the  syringe  valve  to 
stop  the  gas  flow  through  the  trap. 
When  cool  the  trap  is  ready  for  the 
next  sample, 

10.10  The  width  of  the  retention 
time  window  used  to  make  identifica¬ 
tions  should  be  based  upon  measure¬ 
ments  of  actual  retention  time  variations 
of  standards  over  the  course  of  a  day. 
Three  times  the  standard  deviation  of  a 


'p'.entio".  t Til  to'  a  compound  car.  be 
■-■sed  to  cisicu-ate  a  suggested  window 
Size,  however,  the  experience  of  the 
analyst  should  weigh  heavily  in  the 
interpretation  of  chromatograms. 

10.11  If  the  response  for  the  peak 
exceeds  the  working  range  of  the 
system,  prepare  a  dilution  of  the 
sample  with  reagent  water  from  the 
aliquot  in  the  second  syringe  and 
reanalyze. 

1 1 .  Calculations 

11.1  Determine  the  concentration  of 
individual  compounds  in  the  sample. 

11.1.1  If  the  external  standard 
calibration  procedure  is  used,  calculate 
the  concentration  of  material  from  the 
peak  response  using  the  calibration 
curve  or  calibration  factor  determined 
in  Section  7.3.2. 

1 1. 1.2  If  the  internal  standard 
calibration  procedure  was  used,  calcu¬ 
late  the  concentration  in  the  sample 
using  the  response  factor  (RF)  deter¬ 
mined  in  Section  7.4.3  and  equation  2. 

Eq.  2. 

Concentration  pg/L  =  (AjCj^l/lAJIRF) 
where; 

A,  =  Response  for  the  parameter  to 
be  measured. 

A^  =  Response  for  the  interna) 
standard. 

C,  =  Concentration  of  the  internal 
standard. 

11.2  Report  results  in  micrograms 
per  liter.  When  duplicate  and  spiked 
samples  are  analyzed,  repon  all  data 
obtained  with  the  sample  results. 

11.3  For  samples  processed  as  part 
of  a  set  where  the  spiked  sample 
recovery  falls  outside  of  the  control 
limits  which  were  established  according 
to  Section  8.3,  data  for  the  affected 
parameters  must  be  labeled  as  suspect. 

12.  Method  Performance 

12.1  The  method  detection  limit 
(MDL)  is  defined  as  the  minimum 
concentration  of  a  substance  that  can 
be  measured  and  reported  with  99% 
confidence  that  the  value  is  above 
zero.''"  The  MOL  concentrations  listed 
in  Table  1  were  obtained  using  reagent 
water.  19*  Similar  results  were  achieved 
using  representative  wastewaters.  The 
MDL  actually  achieved  in  a  given 
analysis  will  vary  depending  on  instru¬ 
ment  sensitivity  and  matrix  effects. 

12.2  This  method  IS  recommended 
for  uie  in  the  concentration  range  from 
the  MDL  up  to  1000  x  MDL.  Direct 
aqueous  injection  techniques  Should  be 


used  to  meesu'e  ror.ce'''.ia'  le^i  i 
above  1 000  >  MDL 

12.3  In  a  single  labo'ator\  iMo'S;"-. 
Besearchl.  usmg  reagent  we;e'  an; 
wastewaters  spiked  at  or  nea'  bac*- 
ground  levels,  the  average  recove'  et 
presented  in  Table  2  were  obtamec  ^ 
The  standard  deviation  of  the  meas.-e- 
ment  in  percent  recovery  is  also 
included  in  Table  2'^>. 

12.4  The  U.S.  Environmental 
Protection  Agency  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  fully  define  the  performance 
of  this  method. 
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vvaiet  rnov  be  used  in  place  o1  the 
reagent  v.ate?.  but  one  oi  more  addi¬ 
tional  aiicjots  must  be  analyzed  to 
determine  background  levels,  and  the 
spike  leve'  must  exceed  twice  the 
background  level  lor  the  test  to  be 
valid.  Analyze  the  aliquots  according  to 
the  method  beginning  in  Section  10. 

8.2.3  Calculate  the  average  percent 
recovery.  (Rl.  and  the  standard  devia¬ 
tion  of  the  percent  recovery  (s).  for  the 
results.  Wastewater  background  cor¬ 
rections  must  be  made  before  R  and  s 
calculations  are  performed. 

8.2.4  Using  Table  2.  note  the  average 
recovery  (XI  and  standard  deviation  (pi 
expected  for  each  method  parameter. 
Compare  these  to  the  calculated  values 
for  R  and  s.  If  s  2p  or  jX  -  R|  =»■  2p, 
review  potential  problem  areas  and 
repeat  the  test. 

8.3  The  analyst  must  calculate 
method  performance  criteria  and  define 
the  pcrforrrance  of  the  laboratory  for 
each  spike  concentration  and  parameter 
being  measured. 

8.2.5  The  U  S.  Environmental 
Protection  Agency  plans  to  establish 
performance  criteria  for  R  and  s  based 
upon  the  results  of  interlaboratory 
testing.  When  they  become  available, 
these  criteria  must  be  met  before  any 
samples  may  be  analyzed. 

8.3. 1  Calculate  upper  and  lower 
control  limts  for  method  performance: 

Upper  Control  Limit  (UCL)  =  R  3s 

Lower  Control  Limit  (LCD  =  R  -  3s 

where  R  and  s  are  calculated  as  in 
Section  8.2.3.  The  UCL  and  LCL  can 
be  used  to  construct  control  charts*^' 
that  are  useful  in  observing  trends  in 
performance.  The  control  limits  above 
must  be  replaced  by  method  perfor¬ 
mance  criteria  as  they  become  available 
from  the  U  S.  Environmental  Protection 
Agency. 

8.3.2  The  laboratory  must  develop 
and  maintain  separate  accuracy  state¬ 
ments  of  laboratory  performance  for 
wastewater  samples.  An  accuracy 
statement  for  the  method  is  defined  as 
R  ±  $.  The  accuracy  statement  should 
be  developed  by  the  analysis  of  four 
aliquots  of  wastewater  as  described  In 
Section  8.2.2,  followed  by  the  calcu¬ 
lation  of  R  and  s.  Alternately,  the 
analyst  may  use  four  wastewater  data 
points  gathered  through  the  require¬ 
ment  for  continuing  quality  control  in 
Section  8.4.  The  accuracy  statements 
should  be  updated  regularly. I7i 


8.4  The  laboraiO'v  IS  reauiied  to 
collect  a  portion  of  then  samples  in 
duplicate  to  monitor  spike  recoveries. 
The  frequency  of  spiked  sample 
analysis  must  be  at  least  10%  of  all 
samples  or  one  sample  per  month, 
whichever  is  greater.  One  aliquot  of  the 
sample  must  be  spiked  and  analyzed  as 
described  in  Section  8.2.  If  the 
recovery  for  a  particular  parameter 
does  not  fall  within  the  control  limits 
for  method  performance,  the  results 
reported  for  that  parameter  in  all 
samples  processed  as  part  of  the  same 
set  must  be  qualified  as  described  in 
Section  11.3.  The  laboratory  should 
monitor  the  frequency  of  data  so 
qualified  to  ensure  that  it  remains  at  or 
below  5%. 

8.5  Each  day,  the  analyst  must 
demonstrate  through  the  analysis  of 
reagent  water,  that  interferences  from 
the  analytical  system  are  under  control. 

8.6  ft  is  recommended  that  the 
laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this 
method.  The  specific  practices  that  are 
most  productive  depend  upon  the 
needs  of  the  laboratory  and  the  nature 
of  the  samples.  Field  duplicates  may  be 
analyzed  to  monitor  the  precision  of 
the  sampling  technique.  When  doubt 
exists  over  the  identification  of  a  peak 
on  the  chromatogram,  confirmatory 
techniques  such  as  gas  chromatography 
with  a  dissimilar  column,  specific 
element  detector,  or  mass  spectrom¬ 
eter  must  be  used.  Whenever  possible, 
the  laboratory  should  perform  analysis 
of  standard  reference  materials  and 
participate  in  relevant  performance 
evaluation  studies. 

8.7  The  analyst  should  maintain 
constant  surveillance  of  both  the  per¬ 
formance  of  the  analytical  system  and 
the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
spiking  each  sample,  standard  and 
blank  with  surrogate  halocarbons.  A 
combination  of  bromochloromethane, 
2-bromo-1-chloropropane.  and 

1 ,4-dichlorobutane  is  recommended  to 
encompass  the  range  of  the  tempera¬ 
ture  program  used  in  this  method.  From 
stock  standard  solutions  prepared  as 
above,  add  a  volume  to  give  7500  /zg 
of  each  surrogate  to  45  mL  of  reagent 
water  contained  in  a  50-mL  volumetric 
flask,  mix  and  dilute  to  volume  (1  5 
ng/^L).  If  the  internal  standard  calibra¬ 
tion  procedure  is  being  used,  the 
surrogate  compounds  may  be  added 
directly  to  the  internal  standard  spiking 
solution  (Section  7.4.2).  Add  10/zL  of 
this  surrogate  spiking  solution  directly 
into  the  5-mL  syringe  with  every  sample 


and  leleience  sianCaiO  analyzed. 
Prepare  a  fresh  surrogate  spiking 
solution  on  a  weekly  basis. 

9.  Sample  Collection, 
Preservation,  and  Handling 

9.1  All  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  If  the  sample  conta  ns 
free  or  combined  chlorine,  add  sod  jm 
thiosulfate  preservative  (10  mg/40  mL 
is  sufficient  for  up  to  5  ppm  CI2I  to  the 
empty  sample  bottle  just  prior  to 
shipping  to  the  sampling  site.  USEPA 
methods  330.4  and  330.5  may  be 
used  for  measurement  of  residual 
chlorine. IB)  Field  test  kits  are  available 
for  this  purpose. 

9.2  Grab  samples  must  be  collected 
in  glass  containers  having  a  total 
volume  of  at  least  25  mL.  Fill  the 
sample  bottle  just  to  overflowing  in 
such  a  manner  that  no  air  bubbles  pass 
through  the  sample  as  the  bottle  is 
being  filled.  Seal  the  bottle  so  that  no 
air  bubbles  are  entrapped  in  it.  If 
preservative  has  been  added,  shake 
vigorously  for  one  minute.  Maintain  the 
hermetic  seal  on  the  sample  bottle  until 
time  of  analysis. 

9.3  All  samples  must  be  analyzed 
within  1 4  days  of  collection. 

10.  Sample  Extraction  and 
Gas  Chromatography 

10.1  Table  1  summarizes  the 
recommended  operating  conditions  for 
the  gas  chromatograph.  Included  in  this 
Table  are  estimated  retention  times  and 
method  detection  limits  that  can  be 
achieved  by  this  method.  An  example 
of  the  separations  achieved  by  Column 
1  is  shown  in  Figure  5.  Other  packed 
columns,  chromatographic  conditions, 
or  detectors  may  be  used  if  the 
requirements  of  Section  8.2  are  met. 

10.2  Calibrate  the  system  daily  as 
described  in  Section  7. 

10.3  Adjust  the  purge  gas  (nitrogen 
or  helium)  flow  rate  to  40  mUmin. 
Attach  the  trap  inlet  to  the  purging 
device,  and  set  the  device  to  purge. 
Open  the  syringe  valve  located  on  the 
purging  device  sample  introduction 
needle. 

1 0.4  Allow  sample  to  come  to 
ambient  temperature  prior  to  introduc¬ 
ing  it  to  the  syringe.  Remove  the 
plunger  from  a  5-mL  syringe  and  attach 
a  closed  syringe  valve.  Open  the  sample 
bottle  (or  standard)  and  carefully  pour 
the  sample  into  the  syringe  barrel  to 
just  short  of  overflowing.  Replace  the 
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7.  Calibration 

7.1  Assemble  a  purge  and  uap  device 
iha:  meets  the  specHications  in  Section 
5  2  Condition  the  trap  overnight  at 

I  1  80  ®C  by  backflushing  with  an  inert 

gas  tlow  o1  at  least  20  mL/min.  Prior  to 
use.  daily  condition  traps  10  minutes 
while  backtiushing  at  180  ®C. 

7.2  Connect  the  purge  and  trap 
device  to  a  gas  chromatograph.  The 
gas  chromatograph  must  be  operated 

!  using  temperature  and  flow  rate  param¬ 

eters  equivalent  to  those  in  Table  1 . 
Calibrate  the  purge  and  trap-gas 
chromatographic  system  using  either 
the  external  standard  technique 
(Section  7.3}  or  the  internal  standard 

j  technique  (Section  7.4). 

7.3  External  standard  calibration 
procedure: 

7.3. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  by  carefully 

I  adding  20.0  pL  of  one  or  more  second¬ 

ary  dilution  standards  to  100,  500.  or 
1000  mL  of  reagent  water.  A  25-/JL 
syringe  with  a  0.006  inch  ID  needle 
should  be  used  for  this  operation.  One 
of  the  external  standards  should  be  at  a 
concentration  near,  but  above,  the 

j  method  detection  limit  (See  T able  1 ) 

and  the  other  concentrations  should 
correspond  to  the  expected  range  of 
concentrations  found  in  real  samples  or 
should  define  the  working  range  of  the 
detector.  These  aqueous  standards  can 
be  stored  up  to  24  hours,  if  held  in 
sealed  vials  with  zero  headspace  as 
described  in  Section  9.2.  If  not  so 
stored,  they  must  be  discarded  after 
one  hour. 

7.3.2  Analyze  each  calibration 
standard  according  to  Section  10,  and 
tabulate  peak  height  or  area  responses 
versus  the  concentration  in  the 
standard.  The  results  can  be  used  to 
prepare  a  calibration  curve  for  each 
compound.  Alternatively,  if  the  ratio  of 
response  to  concentration  (calibration 
factor)  is  a  constant  over  the  working 
range  («=10%  relative  standard  devia¬ 
tion,  RSD),  linearity  through  the  origin 
can  be  assumed  and  the  average  ratio 
or  calibration  factor  can  be  used  in 
place  of  a  calibration  curve. 

7.3.3  The  working  calibration  curve 
or  calibration  factor  must  be  verified  on 
each  working  day  by  the  measurement 
of  one  or  more  calibration  standards.  If 
the  response  for  any  parameter  varies 
from  the  predicted  response  by  more 
than  ±  10%,  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 


or  calibration  facior  mus*  bt  piepaied 
for  that  parameter. 

7.4  Internal  standard  calibration 
procedure.  To  use  this  approach,  the 
analyst  must  select  one  or  more  internal 
standards  that  are  similar  in  analytical 
behavior  to  the  compounds  of  interest. 
The  analyst  must  further  demonstrate 
that  the  measurement  of  the  internal 
standard  is  not  affected  by  method  or 
matrix  interferences.  Because  of  these 
limitations,  no  internal  standard  can  be 
suggested  that  is  applicable  to  all 
samples.  The  compounds  recommended 
for  use  as  surrogate  spikes  in  Section 
8.7  have  been  used  successfully  as 
internal  standards,  because  of  their 
generally  unique  retention  times. 

7.4. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  of  interest  as 
described  in  Section  7.3.1 . 

7.4.2  Prepare  a  spiking  solution  con¬ 
taining  each  of  the  internal  standards 
using  the  procedures  described  in 
Sections  6.5  and  6.6.  It  is  recom¬ 
mended  that  the  secondary  dilution 
standard  be  prepared  at  a  concentra¬ 
tion  of  1 5  |tg/mL  of  each  internal 
standard  compound.  The  addition  of 

1 0pL  of  this  standard  to  5.0  mL  of 
sample  or  calibration  standard  would 
be  equivalent  to  30  jug/L. 

7.4.3  Analyze  each  calibration  stand¬ 
ard,  according  to  Section  10,  adding 
10  of  internal  standard  spiking  solu¬ 
tion  directly  to  the  syringe  (Section 
10.4).  Tabulate  peak  height  or  area 
responses  against  concentration  for 
each  compound  and  internal  standard, 
and  calculate  response  factors  (RF)  for 
each  compound  using  equation  1 . 

Eq.  1  RF  *  (A,Cj,)/(Ai,C,) 

where: 

A,  =  Response  for  the  parameter  to 
be  measured. 

Aj,  =  Response  for  the  internal 
standard. 

Ci,  »  Concentration  of  the  internal 
standard. 

C,  «  Concentration  of  the 

parameter  to  be  measured. 

If  the  RF  value  over  the  working  range 
is  a  constant  ('<10%  RSD),  the  RF  can 
be  assumed  to  be  invariant  and  the 
average  RF  can  be  used  for  calculations. 
Alternatively,  the  results  can  be  used 
to  plot  a  calibration  curve  of  response 
ratios.  A,/A„,  vs.  RF. 

7.4.4  The  working  calibration  curve 
or  RF  must  be  verified  pn  each  working 
day  by  the  measurement  of  one  or 
more  calibration  standards.  If  the 


respo-sfr  Id'  a''\  pa  s'^e'.e'  va'ies  '■■■.- 
i*-ie  piecJicieC  response  mo'e  trie" 

I  1  0‘'-c .  trie  rest  mus:  be  repeaieC 
using  a  flesh  caiib'ation  sianflard. 
Aiiernalivety.  8  new  cai'bralion  cu'vt 
must  be  piepared  1o'  that  compound 

8.  Quality  Control 

8.1  Each  laboratory  that  uses  this 
method  IS  required  to  operate  a  formal 
quality  control  program.  The  minimum 
requirements  of  this  program  consist  of 
an  initial  demonstration  of  laboratory 
capability  and  the  analysis  of  spiked 
samples  as  a  continuing  check  on 
performance.  The  laboratory  is  required 
to  maintain  performance  records  to 
define  the  quality  of  data  that  is 
generated.  Ongoing  performance 
checks  must  be  compared  with  estab¬ 
lished  performance  criteria  to  determine 
if  the  results  of  analyses  are  within 
accuracy  and  precision  limits  expected 
of  the  method. 

8. 1. 1  Before  performing  any 
analyses,  the  analyst  must  demonstrate 
the  ability  to  generate  acceptable 
accuracy  and  precision  with  this 
method.  This  ability  is  established  as 
described  in  Section  8.2. 

8.1.2  In  recognition  of  the  rapid 
advances  that  are  occurring  in  chroma¬ 
tography,  the  analyst  is  permitted  cer¬ 
tain  options  to  improve  the  separations 
or  lower  the  cost  of  measurements. 
Each  time  such  modifications  are  made 
to  the  method,  the  analyst  is  required 
to  repeat  the  procedure  in  Section  8.2. 

8.1.3  The  laboratory  must  spike  and 
analyze  a  minimum  of  10%  of  all 
samples  to  monitor  continuing  labora¬ 
tory  performance.  This  procedure  is 
described  in  Section  8.4. 

8.2  To  establish  the  ability  to  generate 
acceptable  accuracy  and  precision,  the 
analyst  must  perform  the  following 
operations. 

8.2. 1  Select  a  representative  spike 
concentration  for  each  compound  to  be 
measured.  Using  stock  standards, 
prepare  a  quality  control  check  sample 
concentrate  in  methyl  alcohol  500 
times  more  concentrated  than  the 
selected  concentrations.  Quality 
control  check  sample  concentrates, 
appropriate  for  use  with  this  method, 
will  be  available  from  the  U.S. 
Environmental  Protection  Agency. 
Environmental  Monitoring  and  Supcrn 
Laboratory,  Cincinnati,  Ohio  4526E 

8.2.2  Using  a  syringe,  add  10  uL  c* 
the  check  sample  concentrate  to  each 
of  a  minimum  of  four  5-mL  aliquots  c‘ 
reagent  water.  A  representative  waste- 
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not  be  heated  higher  than  1  80  ®C  and 
the  remaining  sections  should  not 
exceed  220 ®C.  The  desorber  design, 
illustrated  in  Figure  2.  meets  these 
criteria. 

5.2.4  The  purge  and  trap  device  may 
be  assembled  as  a  separate  unit  or  be 
coupled  to  a  gas  chromatograph  as 
illustrated  in  Figures  3  and  4. 

5.3  Gas  chromatograph  — An  analyti¬ 
cal  system  complete  with  a  tempera¬ 
ture  programmable  gas  chromatograph 
suitable  ior  on-column  injection  and  all 
required  accessories  including  syringes, 
analytical  columns,  gases,  detector, 
and  strip-chart  recorder.  A  data  system 
is  recommended  for  measuring  peak 
areas. 

5.3. 1  Column  1  -  8  ft  long  x  0.1  in 
ID  stainless  steel  or  glass,  packed  with 
1  %  SP- 1 000  on  Carbopack  6  (60/80 
mesh)  or  equivalent.  This  column  was 
used  to  develop  the  method  perfor¬ 
mance  statements  in  Section  1 2. 
Guidelines  for  the  use  of  alternate 
column  packings  are  provided  in 
Section  10.1 . 

5.3.2  Column  2-6  ft  long  x  0.1  in 
ID  stainless  steel  or  glass,  packed  with 
chemically  bonded  n-octane  on  Porasil- 
C  (100/1  20)  mesh  or  equivalent. 

5.3.3  Detector -Electrolytic  conduc¬ 
tivity  or  microcoulometric.  These  types 
of  detectors  have  proven  effective  in 
the  analysis  of  wastewaters  for  the 
parameters  listed  in  the  scope.  The 
electrolytic  conductivity  detector  was 
used  to  develop  the  method  perfor¬ 
mance  statements  jnd  MDL  listed  in 
Tables  1  and  2.  Guidelines  for  the  use 
of  alternate  detectors  are  provided  in 
Section  10.1 . 

5.4  Syringes—  5-mL  glass  hypo¬ 
dermic  with  Luerlok  tip  (two  each),  if 
applicable  to  the  purging  device. 

5.5  Micro  syringes  — 25  pL,  0.006  in 
ID  needle. 

6.6  Syringe  valve— 2-way.  with  Luer 
ends  (three  each). 

5.7  Syringe-  5-mL.  gas-tight  with 
shut-off  valve. 

5.8  Bottle—  1 5-mL,  screw  cap,  with 
Teflon  cap  liner. 

5.9  Balance— Analytical,  capable  of 
accurately  weighing  0.0001  g. 

6.  Reagents 

6.1  Reagent  water-Reagent  water  is 
defined  as  a  water  in  which  an 
interferent  is  not  observed  at  the  MDL 
of  the  parameters  of  interest. 


6. 1. 1  Rtaaem  v.ater  can  be  ge.ntraied 
by  passing  rap  water  through  a  carbon 
filter  bed  containing  about  1  lb  of 
activated  carbon  (Fiitrasorb-SOO  or 
equivalent  iCaigon  Corp.l). 

6.1.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  reagent  water. 

6. 1.3  Reagent  water  may  also  be 
prepared  by  boiling  water  for  1  5 
minutes.  Subsequently,  while  maintain¬ 
ing  the  temperature  at  90  °C,  bubble  a 
contaminant-free  inert  gas  through  the 
water  for  one  hour.  While  still  hot, 
transfer  the  water  to  a  narrow  mouth 
screw-cap  bottle  and  seal  with  a 
Teflon-lined  septum  and  cap. 

6.2  Sodium  thiosulfate  —  (ACS) 
Granular. 

6.3  Trap  Materials 

6.3.1  Coconut  charcoal  (6/10  mesh 
sieved  to  26  mesh).  (Barnaby  Chaney. 
CA-580-26  lot  t  M-2649  or 
equivalent). 

6.3.2  2,6-Diphenylene  oxide 
polymer— Tenax,  (60/80  mesh), 
chromatographic  grade  or  equivalent. 

6. 3. 3  Methyl  silicone  packing  —  3  % 
OV-1  on  60/80  mesh  Chromosorb-W 
or  equivalent. 

6.3.4  Silica  gel—  35/60  mesh, 
Davison,  grade- 1 5  or  equivalent. 

6.4  Methyl  Alcohol  —  Pesticide  quality 
or  equivalent. 

6.5  Stock  standard  solutions  — Stock 
standard  solutions  may  be  prepared 
from  pure  standard  materials  or 
purchased  as  certified  solutions. 

Prepare  stock  standard  solutions  in 
methyl  alcohol  using  assayed  liquids  or 
gas  cylinders  as  appropriate.  Because 
of  the  toxicity  of  some  of  the 
organohalides.  primary  dilutions  of 
these  materials  should  be  prepared  in  a 
hood.  A  NIOSH/MESA  approved  toxic 
gas  respirator  should  be  used  when  the 
analyst  handles  high  concentrations  of 
such  materials. 

6.5. 1  Place  about  9.8  mL  of  methyl 
alcohol  into  a  1 0-mL  ground  glass 
stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered,  tor  about 
1 0  minutes  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to 
the  nearest  0.1  mg. 

6.5.2  Add  the  assayed  reference 
material: 

6.5.2. 1  Liquids— Using  a  100-pL 
Syringe,  immediately  add  two  or  more 
drops  of  assayed  reference  material  to 


the  flask,  then  rcweiph  Be  suie  that 
the  drops  fall  directly  into  the  alcohc 
without  contacting  the  neck  of  the 
flask. 

6  5.2.2  Gases  — To  prepare  standa'cs 
for  any  of  the  Six  halocarbons  that  be 
below  30  ®C  Ibromomethane.  chloro- 
ethane,  chloromethane,  dichlorodi- 
fluoromethane,  trichlorofluoromeihane. 
vinyl  chloride),  fill  a  5-mL  valved  gas- 
tight  syringe  with  the  reference 
standard  to  the  5.0-mL  mark.  Lower 
the  needle  to  5  mm  above  the  methyl 
alcohol  meniscus.  Slowly  introduce  the 
reference  standard  above  the  surface 
of  the  liquid  (the  heavy  gas  will  rapidly 
dissolve  into  the  methyl  alcoholl. 

6.5.3  Reweigh,  dilute  to  volume, 
stopper,  then  mix  by  inverting  the  flask 
several  times.  Calculate  the  concentra¬ 
tion  in  micrograms  per  microliter  from 
the  net  gain  in  weight.  When  compound 
purity  is  assayed  to  be  96%  or  greater, 
the  weight  can  be  used  without  correc¬ 
tion  to  calculate  the  concentration  of 
the  stock  standard.  Commercially  pre¬ 
pared  stock  standards  can  be  used  at 
any  concentration  if  they  are  certified 
by  the  manufacturer  or  by  an  indepen¬ 
dent  source. 

6.5.4  Transfer  the  stock  standard 
solution  into  a  Teflon-sealed  screw-cap 
bottle.  Store,  with  minimal  headspace, 
at  -  1 0  to  -  20  ®C  and  protect  from 
light. 

6. 5. 5  Prepare  fresh  standards  weekly 
for  the  six  gases  and  2-chloroethylvinyl 
ether.  All  other  standards  must  be 
replaced  after  one  month,  or  sooner  if 
comparison  with  check  standards 
indicate  a  problem. 

6.6  Secondary  dilution  standards  — 
Using  stock  standard  solutions,  prepare 
secondary  dilution  standards  in  methyl 
alcohol  that  contain  the  compounds  of 
interest,  either  singly  or  mixed  together. 
The  secondary  dilution  standards 
should  be  prepared  at  concentrations 
such  that  the  aqueous  calibration 
standards  prepared  in  Sections  7.3. 1 
or  7.4.1  will  bracket  the  working  range 
of  the  analytical  system.  Secondary 
dilution  standards  should  be  stored 
with  minimal  headspace  and  should  be 
checked  frequently  for  signs  of  degrad¬ 
ation  or  evaporation,  especially  just 
prior  to  preparing  calibration  standards 
from  them.  Quality  control  check 
standards  that  can  be  used  to 
determine  the  accuracy  of  calibration 
standards  will  be  available  from  the 
U.S;  Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  in  Cincinnati,  Ohio. 
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lechniQoe  This  method  Describes 
analytical  conditions  <01  a  second  gas 
chromatographic  column  that  can  be 
used  to  contirm  measurements  made 
with  the  primary  column.  Method  624 
provides  gas  chromatographrmass 
spectrometer  (GC/MS)  conditions 
appropriate  for  the  qualitative  and 
quantitative  confirmation  of  results  for 
most  of  the  parameters  listed  above. 

1.3  The  method  detection  limit  (MDL, 
defined  in  Section  1 2. 1  )<’ '  for  each 
parameter  is  listed  in  Table  1 .  The  MOL 
for  a  specific  wastewater  may  differ 
from  those  listed,  depending  upon  the 
nature  of  interferences  in  the  sample 
matrix. 

1 .4  Any  modification  of  this  method, 
beyond  those  expressly  permitted, 
shall  be  considered  as  major  modifica¬ 
tions  subject  to  application  and 
approval  of  alternate  test  procedures 
under  40  CFR  1 36.4  and  1 36.5. 

1 .5  This  method  is  restricted  to  use 
by  or  under  the  supervision  of  analysts 
experienced  in  the  operation  of  a  purge 
and  trap  system  and  a  gas  chromato¬ 
graph  and  in  the  interpretation  of 
chromatograms.  Each  analyst  must 
demonstrate  the  ability  to  generate 
acceptable  results  with  this  method 
using  the  procedure  described  in 
Section  8.2. 

2.  Summary  of  Method 

2.1  An  inert  gas  is  bubbled  through  a 
5-mL  water  sample  contained  in  a 
specially-designed  purging  chamber  at 
ambient  temperature.  The  halocarbons 
are  efficiently  transferred  from  the 
aqueous  phase  to  the  vapor  phase.  The 
vapor  is  swept  through  a  sorbem  trap 
where  the  halocarbons  are  trapped. 
After  purging  is  completed,  the  trap  is 
heated  and  backflushed  with  the  inert 
gas  to  desorb  the  halocarbons  onto  a 
gas  chromatographic  column.  The  gas 
chromatograph  is  temperature  pro¬ 
grammed  to  separate  the  halocarbons 
which  are  then  detected  with  a  halide- 
specific  detector. 12. 3) 

2.2  The  method  provides  an  optional 
gas  chromatographic  column  that  may 
be  helpful  in  resolving  the  compounds 
of  interest  from  interferences  that  may 
occur. 

3.  Interferences 

3.1  Impurities  in  the  purge  gas  and 
organic  compounds  out-gassing  from 
the  plumbing  ahead  of  the  trap  account 
for  the  maiority  of  contamination 
problems.  The  analytical  system  must 
be  demonstrated  to  be  free  from 


contamination  under  the  conditions  ol 
the  anatySiS  by  running  laboratory 
reagent  blanks  as  Described  in  Section 
8.5.  The  use  of  non-TFE  plastic  lubmg, 
non-TFE  thread  sealants,  or  flow 
controllers  with  rubber  components  in 
the  purging  device  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics  {particu¬ 
larly  fluorocarbons  and  methylene 
chloride)  through  the  septum  seal  into 
the  sample  during  shipment  and 
storage.  A  field  reagent  blank  prepared 
from  reagent  water  and  carried  through 
the  sampling  and  handling  protocol  can 
serve  as  a  check  on  such 
contamination. 

3.3  Contamination  by  carry-over  can 
occur  whenever  high  level  and  low  ‘ 
level  samples  are  sequentially  analyzed. 
To  reduce  carry-over,  the  purging 
device  and  sample  syringe  must  be 
rinsed  with  reagent  water  between 
sample  analyses.  Whenever  an 
unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by 
an  analysis  of  reagent  water  to  check 
for  cross  contamination.  For  samples 
containing  large  amounts  of  water- 
soluble  materials,  suspended  solids, 
high  boiling  compounds  or  high 
organohalide  levels,  it  may  be  neces¬ 
sary  to  wash  out  the  purging  device 
with  a  detergent  solution,  rinse  it  with 
distilled  water,  and  then  dry  it  in  a 
105  “C  oven  between  analyses.  The 
trap  and  other  pans  of  the  system  are 
also  subject  to  contamination:  there¬ 
fore.  frequent  bakeoul  and  purging  of 
the  entire  system  may  be  required. 

4.  Safety 

4.1  The  toxicity  or  carcinogenicity  of 
each  reagent  used  in  this  method  has 
not  been  precisely  defined;  however, 
each  chemical  compound  should  be 
treated  as  a  potential  health  hazard. 
From  this  viewpoint,  exposure  to  these 
chemicals  must  be  reduced  to  the 
lowest  possible  level  by  whatever 
means  available.  The  laboratory  is 
responsible  for  maintaining  a  current 
awareness  file  of  OSHA  regulations 
regarding  the  safe  handling  of  the 
chemicals  specified  in  this  method.  A 
reference  file  of  material  data  handling 
sheets  should  also  be  made  available  to 
all  personnel  involved  in  the  chemical 
analysis.  Additional  references  to 
laboratory  safety  are  available  and 
have  been  identified*^-®'  for  the  infor¬ 
mation  of  the  analyst. 

4.2  The  following  parameters 
covered  by  this  method  have  been  ten¬ 
tatively  classified  as  known  or 


suspected,  human  of  marr.malian 
carcinogens  carbon  tetiach'onde. 
chloroform,  1 .4  dichloi obenrene ,  anc 
vinyl  chloride.  Primary  standards  of 
these  toxic  compounds  should  be 
prepared  in  a  hood.  A  NiOSH/MESA 
approved  toxic  gas  respirator  should  be 
worn  when  the  analyst  handles  high 
concentrations  of  these  toxic 
compounds. 

5.  Apparatus  and  Materials 

5.1  Sampling  equipment,  for  discrete 
sampling. 

5.  f.  1  Vial— 25-mL  capacity  or  larger, 
equipped  with  a  screw  cap  with  hole  in 
center  iPierce  #1 3075  or  equivalent). 
Detergent  wash,  rinse  cap  with  tap  and 
distilled  water,  and  dry  at  105°C 
before  use. 

5.  7.2  Septum  — Teflon-faced  silicone 
(Pierce  #12722  or  equivalent). 
Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  105  **0  for 
one  hour  before  use. 

5.2  Purge  and  trap  device— The 
purge  and  trap  device  consists  of  three 
separate  pieces  of  equipment;  the 
sample  purger,  trap,  and  the  desorber. 
Several  complete  devices  are  now 
commercially  available. 

5.2.1  The  sample  purger  must  be 
designed  to  accept  5-mL  samples  with 
a  water  column  at  least  3  cm  deep. 

The  gaseous  head  space  between  the 
water  column  and  the  trap  must  have  a 
total  volume  of  less  than  1 5-mL.  The 
purge  gas  must  pass  through  the  water 
column  as  finely  divided  bubbles  with  a 
diameter  of  less  than  3  mm  at  the 
origin.  The  purge  gas  must  be  intro¬ 
duced  no  more  than  5  mm  from  the 
base  of  the  water  column.  The  sample 
purger,  illustrated  in  Figure  1 ,  meets 
these  design  criteria. 

5.2.2  The  trap  must  be  at  least  25 
cm  long  and  have  an  inside  diameter  of 
at  least  0.105  inch.  The  trap  must  be 
packed  to  contain  the  following 
minimum  lengths  of  adsorbents;  1 .0 
cm  of  methyl  silicone  coated  backing 
(Section  6.3.3),  7.7  cm  of 
2,6-diphenylene  oxide  polymer 
(Section  6.3.21,  7.7  cm  of  silica  gel. 
7.7  gm  of  coconut  charcoal  (Section 
6.3.11.  If  it  is  not  necessary  to  analyze 
for  dichlorodifluroromethane,  the  char¬ 
coal  can  be  eliminated,  and  the  polymer 
section  lengthened  to  1  5  cm.  The 
minimum  specifications  for  the  trap  are 
illustrated  in  Figure  2. 

5.2.3  The  desorber  must  be  capable 
of  rapidly  heating  the  trap  to  1 80  ®C. 
The  polymer  section  of  the  trap  should 


601-2 


H-35 


July  1982 


United  States 
E nvitonmentai  Ptoiec'ion 
Agencv 


Environmental  Mcnitonng  and 
Support  Laboratory 
Cincinnati  OH  4S268 


Research  and  Development 


Test  Method 


Purgeable  Halocarbons 
Method  601 


1 .  Scope  and  Application 

1 . 1  This  method  covers  the  determi¬ 
nation  of  29  purgeable  halocarbons. 

The  following  parameters  may  be 
determined  by  this  method: 

Parameter  STORET  No. 


Bromodichloromethane  32101 

Bromoform  32104 

Bromomethane  344 1 3 

Carbon  tetrachloride  32102 

Chlorobenzene  34301 

Chloroethane  34311 

2-Chloroethylvinyl  ether  34576 

Chloroform  32106 

Chloromethane  34418 

Dibromochloromethane  32105 

1.2- Dichlorobenzene  34536 

1 .3- Oichlorobenzene  34566 

1.4- Dichlorobenzene  34571 

Dichlorodifluoromethane  34668 

1 .1- Dichloroethane  34496 

1 .2- Dichloroethane  34531 

1 . 1 - Dichloroethene  34501 

trans-1,2-Dichloroethene  34546 

1 .2- Dichloropropane  34541 

cis-1 ,3-Dichforopropene  34704 

trans-1 ,3-Dichloropropene  34699 

Methylene  chloride  34423 

1 .1 .2.2- Tetrachloroethane  34516 

Tetrachloroethene  34475 

1 , 1 , 1  -T  richloroethane  34506 

1 . 1 . 2- T  richloroethane  34511 

T  richloroethane  39180 

Trichlorofluoromethane  34488 

Vinyl  chloride  39175 


CAS  No 


75-27 

75-25 

74- 83 
56-23 

108-90 

75- 00 
100-75 

67-66 

74- 87 
124-48 

95-50 

541-73 

106- 46 

75- 71 
75-34 

107- 06 
75-35 

156-60 

78- 87 
10061-01 
10061-02 

75-09 

79- 34 
127-18 

71-55 

79-00 

79-01 

75-69 

75-01 


1 .2  This  is  a  purge  and  trap  gas 
chromatographic  method  applicable  to 
the  determination  of  the  compounds 
listed  above  in  municipal  and  industrial 
discharges  as  provided  under  40  CFR 


1 36. 1 .  When  this  method  is  used  to 
analyze  unfamiliar  samples  for  any  or 
all  of  the  compounds  above,  compound 
identification  should  be  supported  by  at 
least  one  additional  qualitative 
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418  B.  Nitrate  Electrode  Screening  Method 


1 .  General  Discussion 

a.  Principle:  The  '  'Oj'  ion  electrode  is 
a  selective  sensor  that  develops  a  potential 
across  a  thin,  porous,  inert  membrane  that 
holds  in  place  a  water-immiscible  liquid 
ion  exchanger.  The  electrode  responds  on¬ 
ly  to  NO,'  ion  activity  between  about  10'^ 
and  10  '  M  (0.14  to  1.400  mg  NOa  -N/L). 
The  lower  limit  of  detection  is  determined 
by  the  small  but  finite  solubility  of  the  liq¬ 
uid  ion  exchanger. 

h.  Interferences:  Chloride  and  bicarbo¬ 
nate  ions  interfere  when  their  ratios  to 
NOa'-N  are  >  10  or  >5.  respectively.  Ions 
that  are  potential  interferences  but  do  not 
normally  occur  at  significant  levels  in  po¬ 
table  waters  are  NOj".  CN‘.  S^‘.  Br'.  1". 
ClOa'.  and  CIO.,'.  Although  the  electrodes 
function  satisfactorily  in  buffers  over  the 
range  pH  3  to  9,  erratic  responses  have 
been  noted  where  pH  is  not  held  constant. 
Because  the  electrode  responds  to  NOa' 
activity  rather  than  concentration,  ionic 
strength  must  be  constant  in  all  samples 
and  standards.  Minimize  these  problems 
by  using  a  buffer  solution  containing 
AgjSO,.  to  remove  Cl',  Br',  1'.  S’",  and 
CN',  sulfamic  acid  to  remove  NOj',  a 
buffer  at  pH  3  to  eliminate  HCOj'  and  to 
maintain  a  constant  pH  and  ionic  strength, 
and  Al3(S04)3  to  complex  organic  acids. 

2.  Apparatus 

a.  pH  meter,  expanded-scale  or  digital. 
capable  of  reading  0.1  mV. 

h.  Single-junction  reference  electrode.* 
Fill  chamber  with  saturated  K;SO,. 

t .  Nitrate  ion  electrode:'*  (Note;  Care¬ 
fully  follow  manufacturer's  instructions 
regarding  care,  storage,  and  recharge  of 
electrode.) 

d.  Magnetic  stirrer:  TFE-coated  stir¬ 
ring  bar. 

3.  Reagents 

a.  Nitrate-free  water:  Prepare  as  de¬ 
scribed  in  Section  4l8A.3n.  Use  for  all  so¬ 
lutions  and  dilutions. 

h.  Stock  nitrate  solution:  Prepare  as  de¬ 
scribed  in  Section  418A.3/>. 


< .  Standard  nitrate  solutions:  Dilute 
1 .0.  10.  and  .^0  mL  stock  nitrate  solution  to 
too  mL  with  water  to  obtain  standards  so¬ 
lutions  of  1.0.  10.  and  .V)  mg  NOj  -N/L. 
respectively. 

d.  Buffer  solution:  Dissolve  6.66  g 
ALtSO,):,  ISHjO.  3.12  g  Ag-SO,.  1.24  g 

H. .,DOj.  and  1.94  g  sulfamic  acid 
(HjNSOjH).  in  about  400  mL  water.  Ad¬ 
just  to  pH  3.0  by  slowly  adding  0.10  N 
NaOH.  Dilute  to  1.000  mL. 

e.  Sodium  hydro.vide.  NaOH.  0,1  N. 

4.  Procedure 

a.  No  major  adjustment  of  any  in¬ 
strument  normally  is  required  to  use  the 
electrodes  in  the  concentration  range  of 

I. 0  to  50  mg  NOa  -N/L. 

b.  Preparation  of  calibration  curve: 
Transfer  10  mL  of  I  mg  NOa'-N/L  stan¬ 
dard  to  a  SO-mL  beaker,  add  10  mL  buffer, 
and  stir  for  a  constant  time  (2  or  3  min) 
with  a  magnetic  stirrer.  Immerse  tips  of 
electrodes  and  record  millivolt  reading  af¬ 
ter  I  min.  Remove  electrodes,  rinse,  and 
blot  dry.  Repeat  for  10  mg  NOa'-N/L  and 
50  mg  NOa'-N/L  standards.  Plot  potential 
measurements  against  NOa'-N  concentra¬ 
tion  on  two-cycle  semilogarithmic  graph 
paper,  with  NOj  -N  concentration  on  the 
logarithmic  axis  (abscissa)  and  potential 
(in  millivolts)  on  the  linear  axis  (ordinate). 
A  straight  line  with  a  slope  of  -t  59  (-f  58  to 
+  59  for  solutions  at  24  to  26  C)  mV/dec¬ 
ade  should  result.  Recalibrate  electrodes 
several  times  daily  by  checking  potential 
reading  of  the  10  mg  NOa"  -N  standard  and 
adjusting  the  calibration  control  on  the 
meter  until  the  reading  plotted  on  the  cali¬ 
bration  curve  is  displayed  again. 

c.  Measurement  of  .sample:  JnnsSer  10 
mL  sample  to  a  .^0-mL  beaker,  add  10  mL 
buffer  solution,  and  stir  with  a  magnetic 
stirrer  for  a  constant  time  (2  or  3  min).  Im¬ 
merse  electrode  tips  in  sample  and  record 
potential  reading  after  I  min.  Read  con¬ 
centration  from  calibration  curve. 


*Onon  ModrI  90-01.  Radiomelcr  Model  601.  or  equiv. 
■ten) 

tOhor  Model  92-07,  Coming  Model  476134.  or  equiv. 
■lent. 


from  Standard  Methods  for  the  Exami nat ion  of  Water  &  Wastewater 
15th  Edition,  pp.  369-370  . 


6.3.3  Above  50  mg/1  the  accuracy  decreases  and  the  suspensions  lose  subility. 

6.3.4  Check  reliability  of  calibration  curve  by  running  a  standard  with  every  3  or  4 
samples. 

6.4  Correction  for  sample  color  and  turbidity. 

6.4. 1  Run  a  sample  blank  using  the  procedure  6. 1  and  6.2  without  the  addition  of  barium 
chloride  (6.1.4). 

Calculations 

7 . 1  Read  mg  SO4  from  calibration  curve 


mgSOyi  =  mg  SO,  x  1 ,000 
ml  sample 


8.  Precision  and  Accuracy 

8.1  Thirty-four  analysts  in  16  laboratories  analyzed  six  synthetic  water  samples  containing 
exact  increments  of  inorganic  sulfate  with  the  following  results: 


Increment  as 

Precision  as 

Accuracy  as 

Sulfate 

Standard  Deviation 

Bias, 

Bias 

mg/liter 

mg/liter 

% 

mg/liter 

8.6 

2.30 

-3.72 

-0.3 

9.2 

1.78 

-8.26 

-0.8 

110 

7.86 

-3.01 

-3.3 

122 

7.50 

-3.37 

-4.1 

188 

9.58 

-1-0.04 

+0.1 

199 

11.8 

-1.70 

-3.4 

(FWPCA  Method  Study  1,  Mineral  and  Physical  Analyses). 

8.2  A  synthetic  unknown  sample  containing  259  mg/1  sulfate,  108  mg/1  Ca,  82  mg/1  Mg, 
3.1  mg/1  K,  19.9  mg/1  Na,  241  mg/1  chloride,  0.250  mg/1  nitrite  N,  1.1  mg/1  nitrate 
N,  and  42.5  mg/1  total  alkalinity  (contributed  by  NaHCOs)  was  analyzed  in  19 
laboratories  by  the  turbidimetric  method,  with  a  relative  standard  deviation  of  9. 1  %  and 
a  relative  error  of  1 .2%. 
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5  5  Micro  svringes-25  mL.  0  006  in 

ID  needle. 

5.6  Svnf'QE  valve— 2-W3V.  with  Luer 
ends  (three  eachl. 

5.7  Bottle- 15-mL  screw-cap  with 

Teflon  cap  liner. 

5.8  Balance— Analytical,  capable  of 
accurately  weighing  O.OOOT  g. 

6.  Reagents 

8.1  Reagent  water— Reagent  water  is 

defined  as  a  water  in  which  an  inter- 
ferent  is  not  observed  at  the  MDL  of 
the  parameters  of  interest. 

6.  t.  7  Reagent  water  can  be 
generated  by  passing  tap  water 
through  a  carbon  filter  bed  containing 
about  1  lb.  of  activated  carbon. 
(Filtrasorb'300  or  equivalent  (Calgon 
Corp.U. 

g.  7.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  reagent  water. 

6. 1.3  Reagent  water  may  also  be 
prepared  by  boiling  water  for  1 5 
minutes.  Subsequently,  while  main¬ 
taining  the  temperature  at  90  “C, 
bubble  a  contaminant-free  inert  gas 
through  the  water  for  one  hour.  While 
still  hot.  transfer  the  water  to  a  narrow 
mouth  screw-cap  bottle  and  seal  with  t 
Teflon-lined  septum  and  cap. 

6.2  Sodium  thiosulfate  — (ACSI 
Granular. 

6.3  Hydrochloric  acid  (1  1 )  — Add 

50  ml.  of  concentrated  HCI  to  50  mL 
of  reagent  water. 

6.4  Trap  Materials 

64  1  2,6-Oiphenylene  oxide 
polymcr-Tenax.  (60/80  mesh)  chroma¬ 
tographic  grade  or  equivalent. 

6.4.2  Methyl  silicone— 3%  OV-I  on 
Chromosorb-W  160/80  mesh)  or 
equivalent. 

6.6  Methyl  alcohol-Pesticide  quality 
or  equivalent. 

6.6  Stock  standard  solutions— Stock 
standard  solutions  may  be  prepared 
from  pure  standard  materials  or 
purchased  as  certified  solutions. 
Prepare  stock  standard  solutions  In 
methyl  alcohol  using  assayed  liquids. 
Because  benzene  and  1 ,4-dichloro- 
beniene  are  suspected  carcinogens, 
primary  dilutions  of  these  materials 
should  be  prepared  in  a  hood. 

6.6.  7  Place  about  9.8  mL  of  methyl 
alcohol  into  a  1 0-mL  ground  glass 
stoppered  volumetric  flask.  Allow  the 


flask  to  stand,  unsioppered,  for  about 
to  minutes  or  until  all  alcohol  wetted 
surfaces  have  dried  Weigh  the  flask  to 
the  nearest  0.1  mg. 

6.6.2  Using  a  lOO-pL  syringe, 
immediately  add  two  ot  more  drops  of 
assayed  reference  material  to  the  flask, 
then  reweigh.  Be  sure  that  the  drops 
fall  directly  into  the  alcohol  without 
contacting  the  neck  of  the  flask. 

6. 6.3  Reweigh,  dilute  to  volume, 
stopper,  then  mix  by  inverting  the  flask 
several  times.  Calculate  the  concentra¬ 
tion  in  micrograms  per  microliter  from 
the  net  gain  in  weight.  When  compound 
purity  is  certified  at  96%  or  greater, 
the  weight  can  be  used  without  correc¬ 
tion  to  calculate  the  concentration  of 
the  stock  standard.  Commercially 
prepared  stock  standards  can  be  used, 
at  any  concentration,  if  they  are 
certified  by  the  manufacturer  or  by  an 
independent  source. 

6. 6. 4  Transfer  the  stock  standard 
solution  into  a  Teflon-sealed  screw-cap 
bottle.  Store  at  4  "C  and  protect  from 
light. 

6. 6. 5  All  standards  must  be  replaced 
after  one  month,  or  sooner  if  compari¬ 
son  with  check  standards  indicate  a 
problem. 

6.7  Secondary  dilution  standards— 
Using  stock  standard  solutions,  prepare 
secondary  dilution  standards  in  methyl 
alcohol  that  contain  the  compounds  of 
interest,  either  singly  or  mixed 
together.  The  secondary  dilution 
standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
calibration  standards  prepared  in 
Sections  7.3.1  or  7.4.1  will  bracket 
the  working  range  of  the  analytical 
system.  Secondary  solution  standards 
must  be  stored  with  zero  headspace 
and  should  be  checked  frequently  for 
signs  of  degradation  or  evaporation, 
especially  just  prior  to  preparing 
calibration  standards  from  them. 

Quality  control  check  standards  that 
can  be  used  to  determine  the  accuracy 
of  calibration  standards  will  be 
available  from  the  U  S.  Environmental 
Protection  Agency,  Environmental 
Monitoring  and  Support  Laboratory,  in 
Cincinnati.  Ohio. 

7 .  Calibration 

7,1  Assemble  a  purge  and  trap 
device  that  meets  the  specifications  in 
Section  5.2.  Condition  the  trap  over¬ 
night  at  1 80  ®C  by  backflushing  with 
an  inert  gas  flow  of  at  least  20  mL/min 
Prior  to  use,  daily  condition  traps  1 0 
minutes  while  backflushing  at  1 80  ®C. 


7.2  Connect  the  pu'ge  ano  ttap 
device  to  a  gas  chiomatogiaph.  The 
gas  chromatogiaph  must  be  operate: 
using  temperature  and  flow  rate 
parameters  equivalent  to  those  inTat  e 
1 .  Calibrate  the  purge  and  trap-gas 
chromatographic  system  using  either 
the  external  standard  technique 
(Section  7.3)  or  the  internal  standard 
technique  (Section  7.4.1. 

7.3  External  standard  calibration 
procedure: 

7.3. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentratio.i 
levels  for  each  parameter  by  carefully 
adding  20. 0  pL  of  one  or  more  second¬ 
ary  dilution  standards  to  1 00,  500,  or 
1 000  mL  of  reagent  water.  A  25-pL 
syringe  with  e  0.006  inch  ID  needle 
should  be  used  for  this  operation.  One 
of  the  external  standards  should  be  at  a 
concentration  near,  but  above,  the 
MDL  (see  Table  1 )  and  the  other 
concentrations  should  correspond  to 
the  expected  range  of  concentrations 
found  in  real  samples  or  should  define 
the  working  range  of  the  detector. 

These  aqueous  standards  must  be 
prepared  fresh  daily. 

7.3.2  Analyze  each  calibration 
standard  according  to  Section  1 0,  and 
tabulate  peak  height  or  area  responses 
versus  the  concentration  in  the 
standard.  The  results  can  be  used  to 
prepare  a  calibration  curve  for  each 
compound.  Alternatively,  if  the  ratio  of 
response  to  concentration  (calibration 
factor)  is  a  constant  over  the  working 
range  I  -=10%  relative  standard  devia¬ 
tion,  RSD),  linearity  through  the  origin 
can  be  assumed  and  the  average  ratio 
or  calibration  factor  can  be  used  in 
place  of  a  calibration  curve. 

7.3.3  The  working  calibration  curve 
or  calibration  factor  must  be  verified  on 
each  working  day  by  the  measurement 
of  one  or  more  calibration  standards.  If 
the  response  for  any  parameter  varies 
from  the  predicted  response  by  more 
than  ±  1 0%.  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
or  calibration  factor  must  be  prepared 
for  that  parameter. 

7.4  Internal  standard  calibration 
procedure.  To  use  this  approach,  the 
analyst  must  select  one  or  more 
internal  standards  that  are  similar  in 
analytical  behavior  to  the  compounds 
of  interest.  The  analyst  must  further 
demonstrate  that  the  measurement  of 
the  internal  standard  is  not  affected  by 
method  or  matrix  interferences. 
Because  of  these  limitations,  no 
internal  standard  can  be  suggested  that 
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IS  applicable  to  all  samples.  The 
compound,  a  .a.a  influoioToluene, 
recommeooed  as  a  sunogate  spiking 
compound  in  Section  8.7  has  been 
used  successtullv  as  an  internal 
'  standard. 

I 

/.4.  7  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  of  interest  as 
described  in  Section  7.3.1 . 

7.4.2  Prepare  a  spiking  solution  con- 

I  taining  each  of  the  internal  standards 

using  the  procedures  described  in  Sec¬ 
tions  6.6  and  6.7.  It  is  recommended 
that  the  secondary  dilution  standard  be 
prepared  at  a  concentration  of  1 5  ;ig/mL 
of  each  internal  standard  compound. 
The  addition  of  1 0  pL  of  this  standard 
I  to  5.0  ml  of  sample  or  calibration 

standard  would  be  equivalent  to 
30  pg/L. 

7.4.3  Analyze  each  calibration 
standard,  according  to  Section  1 0, 
adding  1 0  p  L  of  internal  standard 
spiking  solution  directly  to  the  syringe 
as  indicated  in  Section  10.4.  Tabulate 
peak  height  or  area  responses  against 
concentration  for  each  compound  and 
internal  standard,  and  calculate 
response  factors  (RF)  for  each  com¬ 
pound  using  equation  1 . 

Eq.  1  RF  =  (A,C„)/(Ai,C,) 

where: 

A,  Response  for  the  parameter  to 
be  measured. 

Aj,  «  Response  for  the  internal 
standard. 

C,,  *  Concentration  of  the  internal 
standard. 

C,  =  Concentration  of  the 

parameter  to  be  measured. 

If  the  RF  value  over  the  working  range 
is  a  constant  (•<10%  RSD),  the  RF 
can  be  assumed  to  be  invariant  and  the 
average  RF  can  be  used  for  calculations. 
Alternatively,  the  results  can  be  used 
to  plot  a  calibration  curve  of  response 
ratios,  A,/A„,  vs.  RF. 

7.4.4  The  working  calibration  curve 
or  RF  must  be  verified  on  each  working 
day  by  the  measurement  of  one  or 
more  calibration  standards.  If  the 
response  for  any  parameter  varies  from 
the  predicted  response  by  more  than 
±  10%,  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
must  be  prepared  for  that  compound. 

8.  Quality  Control 

8.1  Each  laboratory  that  uses  this 
method  is  required  to  operate  a  formal 
quality  control  program.  The  minimum 
requirements  of  this  program  consist  of 


an  initial  demonstration  c-  laboratory 
capability  and  the  anaivs's  o'  spiked 
samples  as  a  continuing  ctieck  on 
performance.  The  laboratory  is  required 
to  maintain  performance  records  to 
define  the  quality  of  data  that  is 
generated.  Ongoing  performance  checks 
must  be  compared  with  established 
performance  criteria  to  determine  if  the 
results  of  analyses  are  within  accuracy 
and  precision  limits  expected  of  the 
method. 

8. 1. 1  Before  performing  any  analyses, 
the  analyst  must  demonstrate  the 
ability  to  generate  acceptable  accuracy 
and  precision  with  this  method.  This 
ability  is  established  as  described  in 
Section  8.2. 

8.  7.2  In  recognition  of  the  rapid 
advances  that  are  occurring  In  chroma¬ 
tography,  the  analyst  is  permitted 
certain  options  to  improve  the 
separations  or  lower  the  cost  of 
measurements.  Each  time  such 
modifications  arc  made  to  the  method, 
the  analyst  is  required  to  repeat  the 
procedure  in  Section  8.2. 

8.7.3  The  laboratory  must  spike  and 
analyze  a  minimum  of  1 0%  of  all 
samples  to  monitor  continuing 
laboratory  performance.  This  procedure 
is  described  in  Section  8.4. 

8.2  To  establish  the  ability  to 
generate  acceptable  accuracy  and 
precision,  the  analyst  must  perform  the 
following  operations. 

8.2.  7  SeleC  a  representative  spike 
concentration  for  each  compound  to  be 
measured.  Using  stock  standards, 
prepare  a  quality  control  check  sample 
concentrate  in  methyl  alcohol  500 
times  more  concentrated  than  the 
selected  concentrations.  Quality 
control  check  sample  concentrates, 
appropriate  for  use  with  this  method, 
will  be  available  from  the  U.S. 
Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati,  Ohio  45268. 

8.2.2  Using  a  syringe,  add  10  pL  of 
the  check  sample  concentrate  to  each 
of  a  minimum  of  four  5-mL  aliquots  of 
reagent  water.  A  representative  waste- 
water  may  be  used  in  place  of  the 
reagent  water,  but  one  or  more  addi¬ 
tional  aliquots  must  be  analyzed  to 
determine  background  levels,  and  the 
spike  level  must  exceed  twice  the 
background  level  for  the  test  to  be 
valid.  Analyze  the  aliquots  according  to 
the  method  beginning  in  Section  1 0. 

8.2.3  Calculate  the  average  percent 
recovery,  (R),  and  the  standard  devia¬ 
tion  of  the  percent  recovery  Is),  for  the 
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lesulis  Was'.eviaier  bac.kvT'ound  coi 
leciions  mus’.  be  rr.aae  htloit  R  and  i 
calcuiaiions  are  peifoimed 

8.2.4  Using  Tabie  2.  note’the 
average  lecovery  (Xt  and  standard 
deviation  (pi  expected  for  each  methcc 
parameter.  Compare  these  to  the 
calculated  values  for  R  and  s.  If  s 

or  jX  -  R,'  >■  2p,  review  potential 
problem  areas  and  repeal  the  test. 

8.2.5  The  U.S.  Environmental 
Protection  Agency  plans  to  establish 
performance  criteria  for  R  and  s  based 
upon  the  results  of  interlaboratory 
testing.  When  they  become  available, 
these  criteria  must  be  met  before  any 
samples  may  be  analyzed. 

8.3  The  analyst  must  calculate 
method  performance  criteria  and  define 
the  performance  of  the  laboratory  for 
each  spike  concentration  and  parameter 
being  measured. 

8.3.  7  Calculate  upper  and  lower 
control  limits  for  method  performance: 

Upper  Control  Limit  (UCL)  =  R  -r-  3s 
Lower  Control  Limit  (LCD  =  R  -  3s 

where  R  and  s  are  calculated  as  in 
Section  8.2.3 

The  UCL  and  LCL  can  be  used  to 
construct  control  chartsi”  that  are  use¬ 
ful  in  observing  trends  in  performance. 
The  control  limits  above  must  be 
replaced  by  method  performance 
criteria  as  they  become  available  from 
the  U.S.  Environmental  Protection 
Agency. 

8.3.2  The  laboratory  must  develop 
and  maintain  separate  accuracy  state¬ 
ments  of  laboratory  performance  for 
wastewater  samples.  An  accuracy 
statement  for  the  method  is  defined  as 
R  ±  s.  The  accuracy  statement  should 
be  developed  by  the  analysis  of  four 
aliquots  of  wastewater  as  described  in 
Section  8.2.2,  followed  by  the 
calculation  of  R  and  s.  Alternately,  the 
analyst  may  use  four  wastewater  data 
points  gathered  through  the  requirement 
for  continuing  quality  control  in  Section 

8.4.  The  accuracy  statements  should 
be  updated  regularlyi^i. 

8.4  The  laboratory  is  required  to 
collect  a  portion  of  their  samples  in 
duplicate  to  monitor  spike  recoveries. 
The  frequency  of  spiked  sample 
analysis  must  be  at  least  1 0%  of  all 
samples  or  one  sample  per  month, 
whichever  is  greater.  One  aliquot  of  fe 
sample  must  be  spiked  and  analyzed  as 
described  in  Section  8.2.  If  the 
recovery  for  a  particular  parameter 
does  not  fall  within  the  control  limits 
for  method  performance,  the  results 
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reponed  lot  ihai  parameiet  in  all 
samp  es  ptocessed  as  pan  ol  the  same 
set  must  be  pualilied  as  described  in 
Seciion  11.3.  The  laboratory  should 
monitor  the  Irequency  of  data  so 
qualified  to  ensure  that  it  remains  at  or 
below 

8.5  Each  day,  the  analyst  must 
demonstrate  through  the  analysis  of 
reagent  water,  that  interferences  from 
the  analytical  system  are  under  control. 

8.6  It  is  recommended  that  the 
laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this 
method.  The  specific  practices  that  are 
most  productive  depend  upon  the 
needs  of  the  laboratory  and  the  nature 
of  the  samples.  Field  duplicates  may  be 
analyred  to  monitor  the  precision  of 
the  sampling  technique.  When  doubt 
exists  over  the  identification  of  a  peak 
on  the  chromatogram,  confirmatory 
techniques  such  as  gas  chromatography 
with  a  dissimilar  column,  specific 
element  detector,  or  mass  spectrometer 
must  be  used.  Whenever  possible,  the 
laboratory  should  perform  analysis  of 
standard  reference  materials  and 
participate  in  relevant  performance 
evaluation  studies. 

8.7  The  analyst  should  maintain 
constant  surveillance  of  both  the  per¬ 
formance  of  the  analytical  system  and 
the  effectiveness  of  the  method  in 
dealing  with  each  sample  matrix  by 
spiking  each  sample,  standard  and 
blank  with  surrogate  compounds  (e.g. 
a.o,a,-trifluorotoluene).  From  stock 
standard  solutions  prepared  as  above, 
add  a  volume  to  give  7500  tig  of  each 
surrogate  to  45  mL  of  organic-free 
water  contained  in  a  50-mL  volumetric 
flask,  mix  and  dilute  to  volume  (1 5 
ng/pL).  If  the  internal  standard  calibra¬ 
tion  procedure  is  being  used,  the 
surrogate  compounds  may  be  added 
directly  to  the  internal  standard  spiking 
solution  (Section  7.4.2).  Dose  lOpL 
of  this  surrogate  spiking  solution 
directly  into  the  5-mL  syringe  with 
every  sample  and  reference  standard 
analyzed.  Prepare  a  fresh  surrogate 
spiking  solution  on  a  weekly  basis. 

9.  Sample  Collection, 
Preservation,  and  Handling 

9.1  The  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  If  the  sample  contains 
free  or  combined  chlorine,  add  sodium 
thiosulfate  preservative  (10  mg/40  mL 
is  sufficient  for  up  to  5  ppm  CI2I  to  the 
empty  sample  bottles  just  prior  to 
shipping  to  the  sampling  site.  USEPA 
Methods  330.4  or  330.5  may  be  used 


to  measure  res>dual  chlonrie'^  Field 
Test  Kits  are  available  fo’  this  purpose. 

9.2  Collect  about  500  mL  sample  in 
a  clean  container.  Adjust  the  pH  of  the 
sample  to  about  2  by  adding  1  -i- 1  HCI 
while  stirring  gently.  Fill  the  sample 
bottle  in  such  a  manner  that  no  air 
bubbles  pass  through  the  sample  as  the 
bottle  is  being  filled.  Seal  the  bottle  so 
that  no  air  bubbles  are  entrapped  in  it. 
Maintain  the  hermetic  seal  on  the 
sample  bottle  until  time  of  analysis. 

9.3  All  samples  must  be  analyzed 
within  1 4  days  of  collection. <3i 

10.  Sample  Extraction  and 
Gas  Chromatography 

10.1  Table  1  summarizes  the 
recommended  operating  conditions  for 
the  gas  chromatograph.  Included  in  this 
table  are  estimated  retention  times  and 
method  detection  limits  that  can  be 
achieved  by  this  method.  An  example 
of  the  separations  achieved  by  Column 
1  is  shown  in  Figure  6.  Other  packed 
columns,  chromatographic  conditions, 
or  detectors  may  be  used  if  the 
requirements  of  Section  8.2  are  met. 

10.2  Calibrate  the  system  daily  as 
described  in  Section  7. 

1 0.3  Adjust  the  purge  gas  (nitrogen 
or  helium)  flow  rate  to  40  mL/min. 
Attach  the  trap  inlet  to  the  purging 
device,  and  set  the  device  to  purge. 
Open  the  syringe  valve  located  on  the 
purging  device  sample  introduction 
needle. 

10.4  Allow  sample  to  come  to 
ambient  temperature  prior  to  introduc¬ 
ing  it  into  the  syringe.  Remove  the 
plunger  from  a  5-mL  syringe  and  attach 
a  closed  syringe  valve.  Open  the 
sample  bottle  (or  standard)  and  care¬ 
fully  pour  the  sample  into  the  syringe 
barrel  to  just  short  of  overflowing. 
Replace  the  syringe  plunger  and 
compress  the  sample.  Open  the  syringe 
valve  and  vent  any  residual  air  while 
adjusting  the  sample  volume  to  5.0 
mL.  Since  this  process  of  taking  an 
aliquot  destroys  the  validity  of  the 
sample  for  future  analysis,  the  analyst 
should  fill  a  second  syringe  at  this  time 
to  protect  against  possible  loss  of  data. 
Add  1 0.0  pL  of  the  surrogate  spiking 
solution  (Section  6.7)  and  10.0  pL  of 
the  internal  standard  spiking  solution 
(Section  7.4.2),  if  applicable,  through 
the  valve  bore,  then  close  the  valve. 

1 0.5  Attach  the  syringe-syringe 
valve  assembly  to  the  syringe  valve  on 
the  purging  device.  Open  the  syringe 
valves  and  inject  the  sample  into  the 
purging  chamber. 


10.6  Close  both  waives  and  pu’ce  t'e 
sample  for  1  2  0  r  C  1  minutes  at 
ambient  temperatufe. 

10.7  After  the  1  2- minute  purge  time, 
disconnect  the  purge  chamber  frorr,  t“s 
trap.  Dry  the  trap  by  maintaining  a  fic.v 
of  40  mL/min  of  dry  purge  gas  thiou;"! 
it  for  six  minutes.  See  Figure  4.  A  dry 
purger  should  be  inserted  into  the 
device  to  minimize  moisture  m  the  gas. 
Attach  the  trap  to  the  chromatograph, 
adjust  the  device  to  the  desorb  mode, 
and  begin  to  temperature  program  the 
gas  chromatograph.  Introduce  the 
trapped  materials  to  the  GC  column  by 
rapidly  heating  the  trap  to  1 80  ‘’C 
while  backflushing  the  trap  with  an 
inert  gas  between  20  and  60  mLVmin 
for  four  minutes.  If  rapid  heating 
cannot  be  achieved,  the  gas 
chromatographic  column  must  be  used 
as  a  secondary  trap  by  cooling  it  to 

30  ®C  (subambient  temperature,  if  poor 
peak,  geometry  and  random  retention 
time  problems  persist)  instead  of  the 
initial  program  temperature  of  50  “C. 

10.8  While  the  trap  is  being  desorbed 
onto  the  GC  column,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the 
chamber  with  two  5-mL  flushes  of 
reagent  water. 

10.9  After  desorbing  the  sample  for 
four  minutes,  recondition  the  trap  by 
returning  the  purge  and  trap  device  to 
the  purge  mode.  Wait  1  5  seconds  then 
close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the 
trap.  The  trap  temperature  should  be 
maintained  at  1  80  ®C.  After  approxi¬ 
mately  seven  minutes,  turn  off  the  trap 
heater  and  open  the  syringe  valve  to 
stop  the  gas  flow  through  the  trap. 
When  cool,  the  trap  is  ready  for  the 
next  sample. 

10.10  The  width  of  the  retention 
time  window  used  to  make  identifica¬ 
tions  should  be  based  upon  measure¬ 
ments  of  actual  retention  time  variations 
of  standards  over  the  course  of  a  day. 
Three  times  the  standard  deviation  of  a 
retention  time  for  a  compound  can  be 
used  to  calculate  a  suggested  window 
size;  however,  the  experience  of  the 
analyst  should  weigh  heavily  in  the 
interpretation  of  chromatograms. 

10.11  If  the  response  for  the  peak 
exceeds  the  working  range  of  ’he 
system,  prepare  a  dilution  of  the 
sample  with  reagent  water  from  the 
aliquot  in  the  second  syringe  and 
reanalyze. 

11.  Calculations 

11.1  Determine  the  concer>tration  of 
individual  compounds  in  the  samp  e. 
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11.11  II  The  external  standard  cali¬ 
bration  p’ocedure  is  used,  calculate  the 
concentration  o<  material  from  the  peak 
response  usmg  the  calibration  curve  or 
calibration  factor  determined  in  Section 
7.3.2. 

11.1.2  If  the  internal  standard  cali¬ 
bration  procedure  was  used,  calculate 
the  concentration  in  the  sample  using 
the  response  factor  (RF)  determined  in 
Section  7.4.3  and  equation  2. 

Eq.  2. 

Concentration  pg/L  =  (A,C„)/(Ai,)(RF) 
where: 

A,  «  Response  for  the  parameter  to 
be  measured. 

A„  =  Response  for  the  internal 
standard. 

C,*  =  Concentration  of  the  internal 
standard. 

11.2  Report  results  in  micrograms 
per  liter.  When  duplicate  and  spiked 
samples  are  analyzed,  report  all  data 
obtained  with  the  sample  results. 

11.3  For  samples  processed  as  part 
of  a  set  where  the  spiked  sample' 
recovery  falls  outside  of  the  control 
limits  which  were  described  in  Section 
8.3,  data  for  the  affected  parameters 
must  be  labeled  as  suspect. 

12.  Method  Performance 

12.1  The  method  detection  limit 
(MOL)  is  defined  as  the  minimum  con¬ 
centration  of  a  substance  that  can  be 
measured  and  reported  with  99% 
confidence  that  the  value  is  above 
zeroiti.  The  MOL  concentrations  listed 
in  Table  1  were  obtained  using  reagent 
waterisi.  Similar  results  were  achieved 
using  representative  wastewaters. 

12.2  This  method  has  been  demon¬ 
strated  to  be  applicable  for  the  concen¬ 
tration  range  from  the  MOL  up  to  1000 
X  MOL'Si.  Direct  aqueous  injection 
techniques  should  be  used  to  measure 
concentration  levels  above  1 000  x 
MOL. 

1 2.3  In  a  single  laboratory  (Monsanto 
Research),  using  reagent  water  and 
wastewaters  spiked  at  or  near 
background  levels,  the  average 
recoveries  presented  in  Table  2  were 
obtained'Si.  The  standard  deviation  of 
the  measurement  in  percent  recovery  is 
also  included  in  Table  2. 

12.4  The  Environmental  Protection 
Agency  is  in  the  process  of  conducting 
an  interlaboratory  method  study  to 
fully  define  the  performance  of  this 
method. 
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Table  1.  Chromatographic  Conditions  and  Method  Detection  Limits 


Retention  Time 
Imin.  J 


Parameter 


Column  1 


Column  2 


Method 
Detection  Limit 
U9'L 


Bemene 

Toluene 

Ethylbenzene 

Chlorobenzene 

1, 4-Dichlorobenzene 

1 . 3-Dichlorobenzene 

1 ,2-Dichlorobenzene 


3.33 
5.  75 
8.25 
9.17 
16.8 
18.2 
25.9 


2.  75 

4.25 

6.25 

8.02 

16.2 

15.0 

19.4 


0.2 
0.2 
0.2 
0.2 
c  - 

C 
0 


Column  1  conditions:  Supelcoport  100/1 20  mesh  coated  with  5%  SP- 1200  and 
1.75%  Bentone-34  packed  in  a  6  ft.  x  0.085  in  ID  stainless  steel  column  with 
helium  carrier  gas  at  36  cc/min  flow  rate.  Column  temperature  held  af  50  ®C  for  2 
min.  then  programmed  at  6  ^C/min  to  90  ®C  for  a  final  hold. 

Column  2  conditions:  Chromosorb  W-AW  60/80  mesh  coated  with  5% 
1 .2,3-Trisl2-cyanoethyoxYlpropane  packed  in  a  6  ft.  x  0.085  in  ID  stainless 
steel  column  with  helium  carrier  gas  at  30  cc/min  flow  rate.  Column  temperature 
held  at  40  "C  for  2  min  then  programmed  at  2  “C/min  to  1 00  ®C  for  a  final  hold. 


Tabla  2.  Single  Operator  Accuracy  and  Precision 

A  verage  Standard  Spike  Number 

Percent  Deviation  Range  of  Matrix 


Parameter _ Recovery 


Benzene  9  1 

Chlorobenzene  9  7 

1 . 2- Dichlorobenzene  1 04 

1 . 3- Dichlorob  enzene  9  7 

T  ,4-Dichlorobenzene  120 

Ethylbenzene  98 

Toluene  7  7 


% _ (tig/U  Analyses  Types 


10.0 

0. 5-9.7 

2 

9.4 

0.5-100 

2 

27.7 

0.5-10.0 

2 

20.0 

0. 5-4.8 

2 

20.4 

0.5-10.0 

2 

12.4 

0.5-9. 9 

2 

12.1 

0.5-100 

2 

10mm  O.D. 


Carrier  gas  flow  control 


Pressure  regulator 
\ 


Purge  gas 
flow  control 


13X  molecular 
sieve  filter 


Liquid  injection  ports 


Column  oven 


_ I— TiL  n  ~i  n  n  I  Confirmatory  column 

H  |— ^  li^— U  LI  U  I  Analytical  column 

I'...  -><^1  vaiyg.3 

optional  4 -port  column 
selection  valve 

Trap  inlet  fTenax  end) 

Va  ve-1  ^  Resistance  wire 

Heater  control 


Note:  AH  lines  between 
trap  and  GC 
should  be  heated 
to 


Figura  3.  Purge-trap  system  (Purge-sorb  Mode) 


Carrier  gas  flow  control 
Pressure  regulator 


Liquid  injection  ports 

fr 


Column  oven 

Confirmatory  column 
detector 

Analytical  column 


Purge  gas 
flow  control\i  }1  Purging 
yk  device 


13X  molecular 
sieve  filter 


Heater  control 


Note:  AH  lines  between 
trap  and  GC 
should  be  heated 
to  SO^C 


Figure  4.  Purge-trap  system  (Trap-dry  Mode). 


I 
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earner  gas  flow  corttro!  Ltqutc  injection  ports 

,  /  _ Column  oven 

Pressure  regulator  — py  —  /  r*“ 

\  I  r  p,  ^ _ ]_  ^^Confirmatory  column 

-  po^  ml  p~r-rn~n.  1-^  detector 

IL^  ^  I-I  I  Analytical  column 

Valve-'^ 

I  optional  4 -port  column 
Purge  gas  »  selection  valve 

How  control  \\—  Valve-1  I'^P  >nlet  (Tenas  end) 

Vi  /  Resistance  wire 

1  //  ^ Heater  control 

1 3X  molecular  ~  \  i _ 180°C  V.^ 

sieve  filter  ',  R — T\  ff/owll' 


Velve-2 


Note:  AH  lines  between 
trap  and  GC 
should  be  heated 
to  80r>C 


Figure  S.  Purge-trap  system  (Desorb  Mode). 


« 

s  • 

I  5 

I  «> 


Column:  5%  SP  1200+ 

1.75%  Bentone-34  on  Supelcoport 
Program:  50°C  for  2  min,  5®  per  min  to  90'>C 
Detector:  Photoionization,  10.2  volts 


0  2  4  5  a  fO  12  14  16  18  20  22  24  26  28 

Retention  time,  minutes 

Figure  6.  Gas  chromatogram  of  purgeable  aromatics. 
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APPENDIX  I 


RAW  WATER  QUALITY  DATA 


SUMMARY  ('.F  GROUND  WATER  ANALYSES 
WHIGHT-PATTERSON  AFB 


c.ion  Limit 


SUMMARY  OF  GROUND  WATER  ANALYSES 
WRIGHT- PAT I'ERSON  AFB 


Limi  t 


SUMMARY  OF  GROUNDWATFR  ANALYSES 
WRIGHT-PATTEPSON  AFB 
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Suiranairy  of  Groundwater  Analyses  for 
USEPA  Priority  Pollutant .VOA  Compounds 
(Methods  601  and  602) 


Analyte 

Detection  Limit 

MW- 8 

MW- 9 

MW-15 

MW- 16 

MW-24 

MW-27 

Benzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Eromodichlorome thane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Bromoform 

1.0 

<1.0 

<1.0 

<1.0 

<1.  0 

<1.0 

<1.0 

Bromome thane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Carbon  Tetrachloride 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Chlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Chlorodibromome thane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

‘1.0 

<1.0 

Chloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-Chloroethyl  vinyl  ether 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

Chloroform 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

Choromethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 , 2-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1, 3-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,4-Dichlorobenzene 

1.0 

<1.0 

<1.0 

<1.0 

10.0 

<1.0 

<1.0 

Dichlorodif luoromethane 

1.0 

<1.0  ' 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 , 1-Dichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

<1.0 

1 , 2-Dichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 , 1-Dichloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1,0 

<1.0 

trans-1 , 2-Dichloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1 ,2-Dichloropropane 

1.0 

<1.0 

<1.0 

o 

V 

<1.0 

<1.0 

<1.0 

cis-1, 3-Dichloropropene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

trans-1, 3-Dichloropropene 

1.0 

<1.0 

•a.o 

<1.0 

<1.0 

<1.0 

<1.0 

Ethylbenzene 

1.0 

<1.0 

<1.0 

<1.0 

2.0 

<1,0 

<1.0 

FI uorotrichlorome thane 

1.0 

<1,0 

<1.0 

<1.0 

o 

V 

<1.0 

<1.0 

Methylene  Chloride 

1,0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,1,2, 2-Tetrachloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

'1.0 

Tetrachloroethene 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1,1, 1-Trichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<l.c 

1,1, 2-Trichloroethane 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.C 

Trichloroethene 

1.  n 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

'l.C 

Toluene 

1.0 

<1.0 

<1.0 

<1.0 

4.0 

<1.0 

<1.C 

Vinyl  Chloride 

1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

i-4 


1-5 


Contacts- 

Mr  Russel  Stein,  Manager 
Ground-Water  Section 
Division  of  Public  Water  Supply 
Ohio  Environmental  Protection  Agency 
361  E  Broad  St 
Columbus.  OH  43215 
614-466-8307 


Regions  provided  by  Mr  Russel  Stem  in  a  letter  dated  15  April  1983 
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Classification-Within  the  Ohio  Revised  Code  “Waters  of  the  State"  are  defined  to  include  underground  water 
"regardless  of  the  depth  of  the  strata  in  which  underground  water  is  located."  Ground  water  has  not  been 
classified,  although  within  the  state  ground-water  protection  strategy.  28  major  aquifer  systems  have  been 
identified  for  possible  future  designation  as  underground  sources  of  drinking  water. 

Quality  Standards-Ohio  has  not  adopted  quality  standards  that  are  applied  specifically  to  ground  water, 
although  it  is  informally  recognized  that  most  geographic  areas  of  the  state  are  underlain  by  ground  water  that  will 
generally  meet  all  NlPDWR  standards  without  treatment. 

Drinking  Water  Standards-The  Ohio  ERA  has  adopted  drinking  water  standards  that  are  applicable  to  public 
water  supplies  and  are  the  same  as  the  federal  primary  drinking  water  standards. 

Appropriation-Ground-water  use  is  governed  by  common  law  There  are  no  statutory  provisions  governing  the 
allocation  of  ground  water. 

Controlled  Use  Areas-There  are  no  such  areas  designated  in  Ohio. 

Well  Construction-Plan  approvals  are  required  by  the  Ohio  Environmental  Protection  Agency  for  all  public  water 
supply  wells  OEPA  has  adopted  construction  standards  applicable  to  all  wells,  and  the  Department  of  Health  has 
standards  applicable  to  private  drinking  water  supply  wells  The  Department  of  Health  is  currently  developing 
regulations  to  require  the  registration  of  drilling  contractors 

Underground  Injection  Control-Onio  has  developed  a  state  UlC  program  that  has  been  submitted  for  ERA 
approval,  expected  spring  1983  OEPA  and  the  Division  of  Oil  and  Gas  within  the  Department  of  Natural 
Resources  have  participated  in  the  development  of  the  program.  Class  I  Injection  is  and  will  be  permitted  by 
OEPA  Class  IV  in/ection  will  be  prohibited  Class  V  injection  will  be  regulated  by  rule  for  fhe  specific  purpose. 
Class  II  and  III  injections  are  and  will  be  permitted  by  the  Division  of  Oil  and  Gas.  Current  regulations  lor  Class  II 
permit  annual  injection  and  may  ultimately  require  modification  to  comply  with  EPA  requirements. 

Waste  Management  Facllities- 

Solid  Waste-The  Division  of  Land  Pollution  Control,  within  OEPA,  administers  the  program.  The  Ohio  Solid 
Waste  Disposal  Regulations  provide  minimum  geologic  siting  criteria  for  landfills,  and  set  forth  parameters 
which  must  be  used  to  determine  existing  ground-water  quality  for  facility  siting,  to  stipulate  minimum 
monitoring  parameters  for  facility  monitoring,  and  to  provide  that  sampling  for  additional  parameters  be 
required  as  determined  on  a  case-by-case  basis. 

Hazardous  Waste-Ohio  has  received  interim  status  authorization  for  RCRA  Phase  I  and  is  seeking  Phase  II 
authority.  The  Division  of  Hazardous  Material  Management  within  OEPA  administers  the  program.  The  Ohio 
Hazardous  Waste  Management  Regulations  provide  ground-water  monitoring  requirements  identical  to  EPA 
requirements  for  TSD  facilities  (40  CFR  265  Subpart  F). 

Sole  Source  Aquifers-There  are  none  at  this  time 

Geological  Surveys- 

Division  of  Geological  Survey 
Department  of  Natural  Resources 
Fountain  Square 
Columbus,  OH  43224 
614-265-6575 
State  Geologist: 

Mr.  Horace  R.  Collins 

References- 

Ohio  Water  Pollution  Control  Act  Ohio  Hazardous  Waste  Management  Regulations 

(Ohio  Revised  Code.  Title  61 .  Ch.  11)  (Ohio  Administrative  Code.  Title  3745,  Ch  50-58) 

Ohio  Solid  Waste  Disposal  Regulations  Ground  Water  Program  Activities,  Bi-Annual  Report, 

(Ohio  Administrative  Code.  Regulations  3745-27)  Section  305(b).  Ohio  Environmental  Protection  Agency 


Water  Resources  Division 
U  S.  Geological  Survey 
975  W  Third  Ave 
Columbus.  OH  43212 
614-469-5553 
District  Chief 
S.M.  Hindall 


3.  Run-on  and  runoff  control  systems 

•  Requirement:  design  to  control  flow  during  at  least  25-year  storm 

•  Applicability,  landfills,  waste  piles,  land  treatment 

4.  Wind  dispersal  controls 

•  Requirement:  cover  waste  or  otherwise  manage  unit  to  control  wind  dispersal 

•  Applicability:  landfills,  waste  piles,  and  land  treatment  units  that  contain  particulate  matter 

5  Overtopping  controls 

•  Requirement:  prevent  overtopping  or  overfilling 

•  Applicability:  surface  impoundments 

6.  Disposal  unit  closure 

•  Requirement:  final  cover  (cap)  over  waste  unit  designed  to  minimize  infiltration  of  precipitation 

•  Applicability:  landfills  and  surface  impoundments  (if  used  for  disposal) 

7.  Storage  unit  closure 

•  Requirement:  remove  waste  and  decontaminate 

•  Applicability:  surface  impoundments  used  for  treatment  or  storage  and  waste  piles 

8.  Postclosure  Care 

•  Maintain  effectiveness  of  final  cover 

•  Operate  leachate  collection  and  removal  system 

•  Maintain  ground-water  monitoring  system  (and  leak  detection  system  where  double  liner  is  used) 

•  Continue  30  years  after  closure 

The  goal  of  the  ground-water  monitoring  and  response  program  is  to  detect  and  correct  any  ground-water 
contamination.  There  are  four  main  elements: 

1  A  detection  monitoring  program  which  requires  the  permittee  to  install  a  system  to  monitor  ground  water  in 
the  uppermost  aquifer  to  determine  if  a  leachate  plume  has  reached  the  edge  of  the  waste  management 
area 

2.  A  ground-water  protection  standard  is  set  when  a  hazardous  constituent  is  detected.  The  standard 
specifies  concentration  limits,  compliance  point,  and  compliance  period 

3.  A  compliance  monitoring  program  determines  if  the  facility  is  complying  with  its  ground-water  protection 
standard. 

4  Corrective  action  is  required  when  the  ground-water  protection  standard  is  violated.  The  permittee  must 
either  remove  the  contamination  or  treat  if  in  place  to  restore  ground-water  quality. 

Until  hazardous  waste  management  facilities  are  issued  permits,  existing  facilities  will  continue  to  operate  under 
interim  status  standards.  Facilities  operating  under  interim  status  will  be  required  to  file  Part  B  applications  for  final 
permits 

Under  Subtitle  C  of  RCRA.  EPA  approves  state  hazardous  waste  management  programs  in  two  phases.  Phase  I 
authorization  gives  states  the  right  to  control  transportation  and  generation  of  hazardous  wastes  within  their 
borders  and  to  regulate  existing  treatment,  storage,  and  disposal  facilities.  Phase  II  authorization  includes  the 
permitting  of  new  facilities. 

3.7  COMPREHENSIVE  ENVIRONMENTAL  RESPONSE,  COMPENSATION,  AND  LIABILITY  ACT 

This  statute  (CERCLA),  commonly  referred  to  as  Superfund,  authorizes  EPA  to  respond  to  releases  or  threatened 
releases  into  the  environment,  including  ground  water  of  any  hazardous  substance  which  may  present  an 
imminent  and  substantial  danger  to  public  health.  The  act  provides  funds  for  emergency  action  and  has  cost 
recovery  provisions 
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3.6  RESOURCE  CONSERVATION  AND  RECOVERY  ACT 


The  Solid  Waste  Disposal  Act  and  the  Resource  Recovery  Act  of  1970,  as  amended  by  the  Resource 
Conservation  and  Recovery  Act  of  1976  (RCRA),  require  ERA  to  establish  a  national  program  to  regulate  the 
management  of  waste  materials. 

3.6.1  Solid  Waste 

Subtitle  D  of  RCRA  established  a  broad-based  national  program  to  improve  solid  waste  management  through  the 
development  of  state  and  regional  solid  waste  management  plans.  The  act  offered  federal  financial  assistance  to 
states  interested  in  developing  and  implementing  a  solid  waste  management  plan.  The  state  plans,  under  federal 
guidelines,  identify  respective  responsibilities  of  local,  state,  and  regional  authorities,  and  encourage  resource 
recovery  and  conservations  and  the  application  and  enforcement  of  environmentally  sound  disposal  practices. 

A  major  element  of  the  Subtitle  D  program  is  the  open  dump  inventory.  Section  4005  of  RCRA  prohibits  open 
dumping  Federal  criteria  for  classifying  solid  waste  management  facilities  are  provided  in  40  CFR  257.  ERA 
cannot  approve  a  state  solid  waste  management  program  with  less  stringent  criteria.  Solid  waste  management 
facilities  failing  to  satisfy  the  criteria  are  considered  open  dumps  In  order  to  satisfy  these  criteria,  a  facility  or 
practice  (in  addition  to  other  environmental  considerations)  shall  not  contaminate  an  underground  drinking  viater 
source  beyond  the  solid  waste  boundary  or  beyond  an  alternative  boundary  established  by  the  state  or  in  court 
persuant  to  the  stipulations  of  40  CFR  257.3-4.  The  federal  criteria  define  contamination  as  an  exceedence  of  the 
MCLs  provided  in  the  National  Interim  Rrimary  Drinking  Water  Regulations  or  an  increase  in  concentration  of  any 
parameter  for  which  the  ambient  concentration  exceed  the  MCL. 

3.6.2  Hazardous  Waste 

ERA  has  issued  a  series  of  hazardous  waste  regulations  under  Subtitle  C  of  RCRA  (40  CFR  260  to  267  and  122  to 
124).  On  19  May  1980.  ERA  issued  a  comprehensive  set  of  standards  for  generators  and  transporters  of 
hazardous  waste  and  "interim  status"  standards  for  facilities  in  existence  on  19  November  1980.  that  treat,  store, 
or  dispose  of  hazardous  waste.  Such  facilities  were  allowed  to  operate  under  interim  status  until  they  received  an 
RCRA  permit.  Subsequently.  ERA  issued  standards  for  granting  RCRA  permits  to  treatment  and  storage  facilities. 
Standards  for  land  disposal  facilities  were  issued  on  26  July  1982 — virtually  completing  the  program  for 
controlling  hazardous  waste  under  RCRA. 

The  standards  for  permitting  land  disposal  facilities  were  issued  after  a  wide  range  of  regulatory  options  were 
considered.  Over  a  period  of  several  years,  ERA  proposed  two  different  sets  of  land  disposal  standards  and 
solicited  comments  on  various  issues.  On  13  February  1981.  ERA  issued  temporary  standards  for  new  land 
disposal  facilities.  The  26  July  regulations  replace  those  temporary  standards  except  for  Class  I  underground 
injection  wells.  These  will  remain  subject  to  the  temporary  standards  until  final  standards  are  issued. 

The  regulations  consist  primarily  of  two  complementary  sets  of  performance  standards: 

1.  A  set  of  design  and  operating  standards  tailored  to  each  of  four  types  of  facilities 
2  Ground-water  monitoring  and  response  regulations  applicable  to  al'  land  disposal  facilities 
The  design  and  operating  standards  implement  a  liquids  management  strategy  that  has  two  goals: 

1 .  Minimize  leachate  generated  at  the  facility 

2.  Remove  leachate  generated  to  minimize  its  chance  of  reaching  ground  water 
The  major  requirements  include 

1 .  Liner 

•  Requirement:  design  to  prevent  migration  of  waste  out  of  the  facility  during  its  active  life 

•  Applicability:  landfills,  surface  impoundments,  and  waste  piles 

2.  Leachate  collection  and  removal 

•  Requirement;  collect  and  remove  leachate  from  the  facility  and  ensure  that  leachate  depth  over  the  liner 
does  not  exceed  30  centimeters  (1  foot) 

•  Applicability:  landfills  and  waste  piles 


3.3.4  Underground  Injection  Control 

The  Underground  Injection  Control  (UlC)  program  regulates  the  uses  of  underground  injection  wells  to  protect  an  | 
underground  source  of  drinking  water  (USDW)  USDW  means  an  aquifer  or  its  portion  which 

1 .  supplies  any  public  water  system  or  contains  a  sufficient  quantity  of  ground  water  to  supply  a  public  water 
system: 

2.  currently  supplies  dhnking  water  for  human  consumption  or  contains  less  than  10,000  mgliter  total 
dissolved  solids;  and 

3  is  not  an  exempted  aquifer  (40  CFR  146.04  provides  criteria  for  exemption). 

SDWA  requires  any  state  designated  by  ERA  as  requiring  a  UlC  program  to  develop  and  submit  a  state  UlC 
program  for  EPA  approval.  ERA  has  designated  each  of  the  fifty  states 

The  federal  program  classifies  injection  wells  as  follows: 

Class  I — Wells  used  to  inject  hazardous  waste,  or  other  industrial  and  municipal  disposal  wells  which  inject 
fluids  beneath  the  lower-most  formation  containing  a  USDW  within  one-quarter  mile  of  the  well  bore 

Class  II— Wells  that  inject  fluids 

1 .  which  are  brought  to  the  surface  as  part  of  conventional  oil  or  natural  gas  production  and  may  be  mixed 
with  production  waste  waters  from  gas  plants,  unless  those  vtraters  are  classified  as  a  hazardous  waste  at 
the  time  of  injection; 

2.  for  enhanced  recovery  of  oil  or  natural  gas;  and 

3.  for  storage  of  hydrocarbons  which  are  liquid  at  standard  temperature  and  pressure. 

Class  III — Wells  that  inject  for  extraction  of  minerals  includirtg 

1 .  mining  of  sulfur  by  the  Frasch  process; 

2.  in  situ  production  of  uranium  or  other  metals.  This  category  includes  only  in  situ  production  from  ore 
bodies  which  have  not  been  conventionally  mined.  Solution  mining  of  conventional  mines  such  as  slopes 
leaching  is  included  in  Class  V;  and 

3.  solution  mining  of  salts  or  potash. 

Class  IV — Wells  used  to  dispose  of  hazardous  or  radioactive  waste  into  or  above  a  formation  which  contains  a 
USDW  within  one-quarter  mile  of  the  well.  Also,  wells  used  to  inject  hazardous  waste  that  cannot  be  classified 
as  Class  I  or  Class  IV  under  the  above  criteria  are  Class  IV  wells. 

Class  V — All  other  injection  wells  (40  CFR  146.05(e)  and  146.51  provide  specific  information  and  exemptions). 

Underground  injection  is  controlled  through  the  permitting  process.  Construction,  operation,  monitoring  and 
reporting  activities  are  controlled.  Individual  state  programs  are  based  upon,  and  must  be  essentially  equivalent 
to,  the  federal  criteria  and  standards  (40  CFR  146). 

3.4  TOXIC  SUBSTANCE  CONTROL  ACT 

This  statute  (TSCA)  authorizes  ERA  to  restrict  or  prohibit  the  manufacture,  distribution,  and  use  of  products  which 
may  result  in  unreasonable  risk  to  health  and  the  environment.  Although  ground  water  is  not  specifically  named  in 
the  Act,  ERA  has  taken  the  position  that  the  protection  of  health  and  the  environment  includes  the  protection  of 
ground  water. 

3.5  FEDERAL  INSECTICIDE,  FUNGICIDE,  RODENTICIDE  ACT 

This  statute  (FIFRA)  gives  ERA  the  responsibility  to  control  the  sale  and  use  of  all  pesticides  to  prevent 
unreasonable  adverse  environmental  and  health  effects.  The  use  and  disposal  of  pesticide  packages  and 
containers  is  also  regulated.  In  deciding  whether  to  register,  cancel,  suspend,  or  change  the  classification  of  a 
pesticide,  ERA  considers  a  broad  range  of  environmental  impacts  including  those  affecting  ground  water. 
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3.3.1  National  Interim  Primary  Drinkirrg  Water  Regulations 

EPA  initiated  a  detailed  study  of  the  health  effects  of  various  contaminants  in  water  soon  after  the  Safe  Drinking 
Act  (SDWA)  was  signed  into  law.  So  that  the  nagulations  could  include  the  findings  of  this  and  other  studies,  the 
primary  drinking  water  regulations  were  to  be  developed  in  two  stages:  an  interim  version  and  a  final  version.  The 
interim  version  of  the  regulation  became  effective  24  June  1977.  SOWA  provides  for  delegation  of  authority  to  the 
states.  State  Primary  Drinking  Water  Regulations  must  be  at  least  as  stringent  as  the  federal  regulations. 

The  National  Interim  Primary  Drinking  Water  Regulations  define  Maximum  Contaminant  Level  as  the  maximum 
permissible  level  of  a  contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  user  of  a 
public  water  system,  except  in  the  case  of  turbidity  (applicable  to  surface  water  only)  where  the  maximum 
pennissible  level  is  measured  at  the  point  of  entry  to  the  distribution  system.  The  MCLs  are  pro'  ided  with  the  state 
summaries. 

3.3.2  National  Secondary  Drinking  Water  Regulations 

These  regulations  control  contaminants  in  drinking  water  that  primarily  affect  the  aesthetic  qualities  relating  to  the 
public  acceptance  of  drinking  water.  At  considerably  higher  concentrations  of  these  contaminants,  health 
implications  may  also  exist  as  well  as  aesthetic  degradation.  The  National  Secondary  Drinking  Water  Regulations 
are  not  federally  enforceable  but  are  intended  as  guidelines  for  the  states 

Secondary  Maximum  Contaminant  Levels  (SMCLs)  are  defined  as  the  maximum  permissible  level  of  a 
contaminant  in  water  which  is  delivered  to  the  free-flowing  outlet  of  the  ultimate  user  of  a  public  water  system. 
Federal  and  state  SMCLs  are  provided  in  the  state  summaries.  The  states  may  establish  higher  or  lower  levels 
which  may  be  appropriate  depending  upon  local  conditions  such  as  unavailability  of  alternate  sources  of  water  or 
other  compelling  factors,  provided  the  public  health  and  welfare  are  not  adversely  affected. 

3.3.3  Sole  Source  Aquifer 

The  Sole  Source  Aquifer  provisions  of  SDWA  allow  EPA  to  designate  an  aquifer  as  the  sole  source  of  drinking 
water  for  an  area  thereby  guaranteeing  protection  from  contamination  by  federally  assisted  activities.  Local, 
regional,  or  state  agencies  can  petition  EPA  for  sole  source  designation.  The  EPA  Administrator  may  designate  an 
aquifer  which  is  a  sole  or  principal  drinking  water  source  if  its  contamination  would  create  a  significant  hazard  to 
public  health.  If  the  designation  is  made,  no  federal  money  or  financial  commitment  may  be  made  for  any  project 
which  the  Administrator  determines  may  contaminate  the  designated  aquifer  through  its  recharge  zone. 

At  this  writing,  February  1983,  EPA  has  designated  the  following  ten  sole  source  aquifers. 

Biscayne  Aquifer  -  Florida 
Buried  Valley  Aquifer  -  New  Jersey 
Edwards  Aquifer  -  Texas 

Camano  Island — Whidbey  Island  Aquifer  -  Washington 
Spokane-Rathdrum  Aquifer  -  Washington  and  Idi-ho 
The  following  eighteen  are  under  consideration: 

Arizona 

Santa  Cruz,  Upper  Santa  Cruz,  Aura-Altar  Basins 

California 
Scotts  Valley 

Delaware 

New  Castle  County 
Florida 

Volusia  -  Floridan  Aquifer 
Idaho 

Snake  River  Plain 


Nassau  and  Suffolk  counties  -  New  York 

Cape  Cod  -  Massachusetts 

Fresno  -  California 

Ten  Mile  Creek  -  Maryland 

Northern  Guam  Lens  -  Guam 

New  York 

Kings  and  Queens  counties 

Sardinia 

Schenectady 

Vestal 

Pennsylvania 
Seven  Valleys 

Texas 

Carrizo-Wilcox  Aquifer 

Texas  and  New  Mexico 
Delaware  Basin 


Louisiana 
Baton  Rouge 
DeSota  Parish 


Wisconsin 
Niagara  Aquifer 


New  Jersey 
Coastal  Plain 
Ridgewood 
Upper  Rockaway 
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3.  FEDERAL  PROTECTION  OF  GROUND  WATER  QUAUTY 

The  federal  programs  dealing  with  the  protection  of  ground-water  quality  are  administered  largely  by  the 
Environmental  Protection  Agency  (ERA)  The  federal  programs  which  provide  the  framework  for  state  regulations 
are  summarized  in  this  section. 

31  GROUND-WATER  PROTECTION  POLICY 

At  this  writing,  February  1 983,  U.S.  ERA'S  final  policy  on  ground-water  protection,  scheduled  for  September  1982 
release  has  not  been  published.  Based  on  the  proposed  strategy  published  by  EPA  in  November  1980  and  recent 
press  releases  it  appears  that  EPA  will  be  implementing  a  policy  that  would  give  the  states  lead  responsibility  in 
the  protection  ol  ground-water  quality.  EPA's  efforts  apparently  will  be  focused  in  three  major  areas: 

1  Development  of  an  internally  consistent  federal  approach  to  ground-water  protection 

2  Monitoring,  research  and  development  efforts  directed  toward  more  comprehensive  problem  definition  and 
new  detection,  controls,  and  clean-up  technology  development 

3  Guidance,  coordination,  and  assistance  to  states  in  the  development  of  state  policies 

A  significant  component  of  EPA's  policy  is  expected  to  be  a  ground-water  classification  system  which  could  be 
used  to  determine  the  degree  of  protection  needed  for  various  types  of  ground  water.  Ground-water  classification 
IS  discussed  in  Chapter  4 

3.2  CLEAN  WATER  ACT 

This  statute  refers  to  ground-water  protection  in  municipal  waste  water  treatment,  planning,  and  research  programs. 
Its  principal  regulatory  programs,  however,  focus  on  surface  water.  Section  303  empowars  EPA  to  approve  states' 
water  quality  standards  which  are  based  on  the  states'  classification  of  rivers  and  streams.  Many  states  have  included 
ground  water  in  their  definition  of  “waters  of  the  state"  for  purposes  of  this  act  (state  summaries).  On  this  basis  the 
National  (state)  Pollutant  Discharge  Elimination  System  (NPDES  SPDES)  permitting  process  may  be  invocable  for 
purposes  of  ground-water  protection.  In  addition  the  act  empowers  ERA  to 

1 .  Develop  a  comprehensive  program  for  ground-water  pollution  control  [Section  102(a)] 

2  In  cooperation  with  states,  equip  and  maintain  a  surveillance  system  for  monitoring  ground-wiater  quality 
[Section  104(a)(5)] 

3  Provide  grants  to  states  and  area-wide  agencies  to  develop  ground-water  quality  management  plans  to 
identify  salt  water  intrusion  and  control  disposal  of  pollutants  in  subsurface  excavations,  and  control 
disposition  of  wastes.  (May  include  authority  for  comprehensive  ground-water  management  plans, 
including  conjunctive  use  with  surface  water)  [Section  102(c).  208(b)] 

4  Require  development  of  Best  Management  Practices  (BMP)  to  control  nonpoint  source  pollution  problems 
to  ground-water  quality  [Section  208(b)l 

5.  Develop  criteria  for  ground-water  quality  considering  kind  and  extent  of  effects  on  health  and  welfare  from 
the  presence  of  pollutants  [Section  304(a)] 

6.  Determine  information  necessary  to  restore  and  maintain  chemical,  physical,  and  biological  integrity  of 
ground  wafer  [Section  304(a)] 

7.  Issue  information  on  the  factors  necessary  to  restore  and  maintain  chemical,  physical,  and  biological 
integrity  of  ground  water  [Sections  304(a)(2)J 

3.3  SAFE  DRINKING  WATER  ACT 

This  statute  authorizes  EPA  to  set  maximum  contaminant  levels  (MCLs)  and  monitoring  requirements  for  public 
water  systems  and  provides  for  the  protection  of  underground  sources  of  drinking  water.  The  MCLs  regulate  the 
quality  of  "finished"  wafer,  i.e.,  water  as  delivered,  not  the  quality  of  the  source  wrater.  As  discussed  below,  the 
MCLs  have  been  utilized  by  EPA  and  the  states  as  the  basis  for  other  regulations  dealing  with  ground-water 
quality  and  protection. 
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Geologic  units  that  are  capable  of  delivering  useable  quantities  of  water  to  wells  are  called  aquifers.  In  general,  the 
“best  '  aquifers  are  those  that  are  highly  permeable  and  porous  Examples  of  these  aquifers  are  unconsolidated 
sediment,  sand  and  gravel  deposits,  sandstones  and  conglomerates,  and  some  carbonate  and  volcanic  rocks 
Geologic  units  that  are  unable  to  supply  wells  are  commonly  called  confining  beds  and  formally  referred  to  as 
aquitards  or  aquicludes.  These  are  generally  clay  beds,  shales  and  siltstones.  or  dense,  crystalline  rocks  that 
have  low  porosity  or  permeability. 

Porosity  which  results  from  grain  size  distribution  and  degree  of  compaction  or  cementation  is  called  pnmary 
porosity  Secondary  porosity  can  result  from  features,  joints,  and  bedding  planes.  When  mineral  matter  in  the  rock 
becomes  dissolved  and  leaves  open  spaces  (common  in  carbonate  rocks),  solution  porosity  results  During  the 
cooling  of  volcanic  rock,  particularly  basalt,  open  fractures  and  channels  can  form.  Secondary  porosity  can  permit 
an  aquitard.  such  as  shale,  to  become  highly  saturated  with  water  However,  this  feature  is  often  localized  and 
highly  variable.  Permeability,  i.e..  interconnection  of  secondary  porosity,  must  also  be  high  to  allow  movement  of 
water  Into  wells. 

Aquifers  and  aquitards  are  commonly  interlayered  in  a  stratigraphic  sequence  When  an  aquitard  overlies  an 
aquifer,  the  aquifer  is  confined  and  is  generally  recharged  in  upgradient  areas  where  the  aquitard  is  absent  In 
unconfined  aquifers,  also  called  water  table  aquifers,  water  infiltrates  and  recharges  the  aquifer  directly  from  the 
surface.  For  both  types  of  aquifers,  water  in  a  well  will  rise  up  to  a  point  where  the  hydrostatic  pressure  is  equal  to 
atmospheric  pressure.  For  confined  aquifers,  this  water  level  is  referred  to  as  the  potentiometric  surface.  This 
surface  is  generally  at  a  higher  elevation  than  the  base  of  the  aquitard  which  defines  the  top  of  the  aquifer.  When 
the  elevation  of  the  potentiometric  surface  is  higher  than  the  land  surface,  water  will  flow  from  the  well  without 
pumping  and  the  aquifer  is  referred  to  as  artesian. 

In  an  unconfined  aquifer,  the  water  level  in  a  well  will  be  at  the  same  elevation  as  the  top  of  the  zone  of  safuration 
in  the  aquifer  outside  the  well.  i.e..  the  water  table  The  depth  to  the  water  table  is  variable  and  depends  upon  local 
topography,  precipitation,  and  lithology.  The  water  table  generally  follows  surface  contours,  although  it  is  usually 
less  pronounced.  Seasonal  variations  in  rainfall  will  also  affect  the  water  table  depth.  During  periods  of  high 
rainfall  and  recharge,  the  water  table  will  rise,  as  it  also  falls  during  periods  of  low  rainfall.  Ground  water,  however, 
is  much  less  susceptible  to  rainfall  variation  than  surface  water. 

2.4  GROUND-WATER  FLOW 

In  order  to  pump  ground  water  out  of  a  well,  it  must  be  able  to  flow  into  the  well.  Under  natural  conditions,  ground- 
water  flow  IS  normally  slow,  ranging  from  a  few  feet  per  day  to  a  few  feet  per  year  Since  ground  water  is  moving 
through  pore  space  or  fractures  in  soil  or  rock  units,  the  resistance  to  flow  is  very  high  and  the  flow  path  is 
tortuous  Ground-water  flow  itself  results  from  gravity  and  pressure  gradients  caused  by  elevation  differences 
Below  the  water  table,  ground  water  flows  downward  and  laterally,  following  changes  in  elevation  and  hydrostatic 
pressure  The  direction  of  flow  is  away  from  high  pressure,  recharge  areas  and  toward  low  pressure,  discharge 
areas  such  as  streams,  lakes,  oceans,  or  pumping  wells  The  residence  time  of  ground  water  from  recharge  to 
discharge  can  be  very  long — hundreds  and  even  thousands  of  years.  In  comparison,  water  in  river  channels  has 
an  average  turnover  time  of  two  weeks. 

Despite  normally  slow  ambient  velocities  ground  water  can  flow  quickly  when  being  pumped.  Flow  rates  in  the 
vicinity  of  a  pumping  well  can  reach  5  feel  per  minute  or  more  As  pumping  begins,  water  flows  quickly  into  the  well 
because  of  high  suction  pressure,  and  the  water  table  is  lowered  near  the  well.  The  drawdown  of  the  water  table  is 
the  difference  between  tne  static  water  table  level  and  the  pumping  water  level.  At  the  pump  a  cone-shaped  area 
(the  cone  of  depression)  is  dewatered.  As  pumping  continues,  the  cone  of  depression  enlarges  and  the  water 
table  is  lowered  over  a  larger  area.  The  maximum  level  of  pumping  that  can  be  maintained  without  the  water  table 
dropping  below  the  pump  intake  is  called  the  well  yield  If  the  well  yield  is  exceeded,  the  pump  will  run  dry.  Each 
aquifer  can  have  different  well  yields,  depending  on  the  aquifers'  geological  characteristics. 


2.  GROUND  WATER  CONCEPTS  AND  TERMINOLOGY 


A  brief  summary  of  ground-water  concepts  and  terminology  is  presented  here  as  a  foundation  for  an 
understanding  of  both  the  regulations  and  the  need  for  regulations. 

2.1  THE  GROUND-WATER  RESOURCE 

Ground  water  is  one  of  our  most  valuable  natural  resources  and  also  one  of  the  least  understood  by  the  general 
population.  Because  ground  water  is  a  source  of  fresh-water  for  drinking  water,  agricultural  use.  and  industrial 
processes,  it  is  a  water  supply  that  is  vital  to  our  well  being  and  economic  development. 

Ground  water  composes  almost  half  of  the  drinking  water  supply  in  the  United  States.  It  is  widely  used  in  many 
parts  of  the  country  because  of  its  high  quality,  abundance,  availability,  and  relatively  low  cost.  Ground  water  also 
accounts  for  over  two-thirds  of  the  vrater  used  for  irrigation,  primarily  in  the  Western  states,  and  it  is  also  a 
significant  water  supply  for  industrial  uses  The  importance  of  ground  water  as  a  source  of  water  in  the  United 
States  is  clearly  illustrated  in  the  overview  table  at  the  beginning  of  Section  5  which  summarizes  ground-water  use 
on  a  state-by-state  basis. 

The  basic  source  of  ground  water  is  considered  to  be  precipitation  in  the  form  of  rainfall  and  snowmelt.  Ground 
water  is  an  important  part  of  the  hydrologic  cycle — the  circulation  of  water  from  the  atmosphere  to  the  land  by 
precipitation  and  back  to  the  atmosphere  through  evaporation.  When  precipitation  reaches  the  surface  it  can 
evaporate,  flow  as  runoff  in  surface  and  streamflows,  or  infiltrate  the  surface  to  become  ground  wafer.  The  amount 
of  infiltration  varies  from  10  to  30  percent  of  precipitation. 

2.2  GROUND-WATER  COMPOSITION 

It  is  assumed,  and  even  expected,  that  the  water  pumped  from  wells  will  be  pure.  While  most  well  water  is  potable 
with  little  or  no  treatment,  the  natural  quality  of  ground  water  varies.  The  presence  and  concentrations  of  minerals, 
salts,  and  metals  can  be  due  to  natural  causes  and  man's  activities.  The  local  geology  is  the  most  important  factor 
in  determining  natural  ground-water  quality,  i.e.,  the  soils  and  rock  units  found  in  the  area.  From  the  time  water 
teaches  the  land  surface  to  the  time  it  is  pumped  out  of  the  ground,  it  undergoes  numerous  changes  in 
composition  and  quality.  Major  changes  are  the  addition  of  dissolved  minerals  and  removal  of  most  bacterial 
organisms  as  a  result  of  reactions  between  the  water  and  the  soil  or  rock.  The  amount  of  change  in  water 
composition  is  directly  related  to  geologic  variability. 

When  water  reaches  the  land  surface,  it  infiltrates  down  through  soil  layers  to  the  water  table.  During  this  time, 
most  bacterial  organisms  are  removed  from  the  water  due  to  natural  processes.  Plant  roots  and  other  biological 
organisms  may  use  some  mineral  constituents  as  nutrients.  These  processes  depend  on  the  type  of  soil 
encountered  by  infiltrating  water  Generally,  finer  grained  soils  act  as  better  "filters"  than  coarser-grained  soils. 

As  wafer  percolates  downward  its  mineral  content  increases.  Water  is  the  universal  solvent  and  all  minerals  are  to 
some  extent  wate.  soluble  The  major  inorganic  constituents  of  ground  water  are  bicarbonate,  calcium,  chloride, 
magnesium,  silicon,  sodium  sulfate  and  carbonic  acid.  Most  other  constituents  are  present  in  minor  or  trace 
levels  The  concentrations  of  these  constituents  depend  upon  the  type  of  aquifer.  For  example,  ground  water  in 
carbonate  aquifers  will  generally  have  a  higher  pH  and  hardness  than  ground  water  in  crystalline  rock.  The  longer 
the  water  is  in  contact  with  the  aquifer  the  higher  the  concentration  of  dissolved  solids  may  become.  Some 
aquifers  are  saline  due  to  a  high  solids  concentration  resulting  from  long  residence  times  of  infiltrated  ground 
water  or  because  the  water  originally  deposited  with  the  aquifer  sediment  was  saline. 

2.3  POROSITY  AND  PERMEABILITY,  AQUIFERS  AND  AQUITARDS 

Porosity  and  permeability  are  two  geologic  factors  that  determine  whether  a  soil,  sediment,  or  rock  unit  will 
become  saturated  with  water  Porosity  is  the  percentage  of  open  spaces,  or  voids,  in  a  geologic  unit.  All  geologic 
units  are  porous  to  some  extent,  depending  on  grain  size  and  distribution,  grain  packing  and  shape,  and  the 
amount  of  compaction  and  cementation.  Permeability  is  a  measure  of  the  capacity  of  a  geologic  unit  to  transmit 
water,  and  depends  on  the  interconnection  of  pores,  their  size  and  shape,  and  grain  packing.  Porosity  and 
permeability  determine  if  a  geologic  unit  can  store  water  and  then  transmit  it  to  wells  and  pumps. 


1.  INTRODUCTION 


Regulations  concerning  ground  water  have  been  greatly  expanded  in  the  past  decade,  both  at  the  state  and 
federal  levels.  At  the  federal  level,  ground-water  quality  is  regulated  under  the  Federal  Water  Pollution  Control  Act 
(Clean  Water  Act),  the  Toxic  Substances  Control  Act.  the  Comprehensive  Environmental  Response. 
Compensation,  and  Liability  Act  of  1980  (Superfund),  the  Safe  Drinking  Water  Act.  and  the  Resource 
Conservation  and  Recovery  Act.  Such  a  diversity  of  regulations,  even  at  the  federal  level,  has  led  to  numerous 
levels  of  ground-water  protection,  both  use-  and  site-specific.  However,  regulations  have  not  been  made  under  a 
unified  frameworK.  The  U  S.  Environmental  Protection  Agency  (EPA)  is  in  the  process  of  developing  a  ground- 
water  protection  policy  which  will  provide  for  such  a  unified  framework. 

Currently,  there  exists  a  number  of  reviews  of  ground-water  standards;  State  of  the  States:  Water  Resources 
Planning  and  Management;  Ground-water  Supplement,  May  1981.  and  Fiscal  Year  1981  Update,  September 
1981  published  by  the  U.S.  Water  Resources  Council.  This  update  provides  a  status  report  on  the  development  of 
regulations  within  the  states  but  does  not  provide  specifics  on  the  state  regulations.  Another  document. 
Groundwater  Contamination  in  the  United  States,  in  preparation  by  the  Philadelphia  Academy  of  Sciences, 
contains  substantial  information  on  the  occurrence,  use,  and  quality  of  ground  water  in  the  United  States. 
Standards  are  discussed  in  detail  for  a  number  of  states,  but  the  information  Is  not  comprehensive  for  all  the 
states.  The  American  Petroleum  Institute  recognized  the  need  for  a  publication  which  would  provide  specific 
information  for  every  state  in  a  readily  updatable  format.  To  this  end.  Ecological  Analysts,  Inc.  was  retained  to 
develop  an  initial  survey  of  the  basic  information  on  federal  and  state  regulations  concerning  the  use  and 
protection  of  ground  water 

Much  of  the  information  discussed  in  this  guide — particularly  aquifer  classification  and  ground-water  quality 
standards — may  utlimately  be  impacted  through  EPA's  finalization  of  the  ground-water  protection  policy.  EPA's 
interim  final  regulations  for  land  disposal  of  hazardous  waste  have  just  taken  effect  (26  January  1 983).  and  many 
states  are  now  in  the  process  of  obtaining  authorization  to  implement  state  programs.  EPA  has  not  yet  finalized  all 
requirements  for  the  development  of  Underground  Injection  Control  programs  under  the  Safe  Drinking  Wafer  Act, 
It  is  clear,  therefore,  that  ground-water  regulations  will  be  in  a  state  of  flux  for  the  next  several  years.  The 
information  provided  in  this  guide  is  based  on  regulations  effective  January  1 983.  The  current  status  of  ground- 
water  standards  in  each  state  should  be  investigated  before  making  final  environmental  management  decisions. 

The  Guide  to  Ground-Water  Standards  of  the  United  States  is  comprised  of  two  parts.  The  first  part.  Sections  1 
through  4,  contains  an  overview  of  technical  and  regulatory  concepts  and  terminology,  and  a  summary  of  the 
federal  programs  which  provide  the  basis  for  the  state  regulations.  The  second  part.  Section  5.  provides 
alphabetically  arranged  summaries  for  each  of  the  states  and  territories. 


Summary  of  Field  Tested 
Water  Quality  Parameters 


Well 

Number 

Location 

Monitored 

ES 

Spec, 

Cond. 

Jemp. 

(pH  units) 

( umhos/cm) 

(°C) 

1 

Upgradient  of  Landfill  8 

6,74 

688 

13 

2 

Landfill 

8 

7.21 

602 

14 

3 

Landfill 

8 

6.72 

621 

11 

4 

Landfill 

10 

14 

5 

Landfill 

10 

8.80 

348 

13.5 

6 

Landfill 

11 

6.91 

1025 

13 

7 

Landfill 

11 

6.60 

1698 

12 

e 

Fire  Training  Area  3 

10 

9 

Fire  Training  Area  4 

6.53 

886 

10 

10 

Landfill 

12 

6.98 

898 

12 

11 

Landfill 

3 

6.75 

1088 

14 

12 

Landfill 

4 

9.15 

1215 

13,5 

13 

Landfill 

6 

6.53 

1056 

12 

14 

Landfill 

7 

6.39 

1195 

11 

15 

Tank  Farm  (Tank  256) 

7.2 

1012 

10 

16 

Tank  Farm  (Tank  272) 

7.2 

1079 

11 

17 

Coal  Storage  Pile 

7,0 

1238 

10 

18 

Chemical 

Burial  Area 

7.1 

1223 

11 

19 

Chemical 

Burial  Area 

7.1 

1126 

10 

20 

Landfill 

5 

6.70 

1390 

13 

21 

Landfill 

5 

6.76 

1620 

13 

22 

Landfill 

5 

6.81 

996 

16 

23 

Landfill 

5 

6.83 

1272 

12 

24 

Fire  Training  Area  1 

6.85 

898 

10 

25 

Landfill 

2 

12 

26 

Landfill 

9  (Sand  Hill) 

7.1 

973 

11 

27 

Fire  Training  Area  2 

6.97 

970 

'  1 

Detection  Limit 


OHIO 


Arsenic 


Cadmium 

Chromium 


Selenium 


Fluoride 

Nitrate  (as  N) 

o  ro 
b 

1. 4-2.4 
10.0 

Endrin 

0.0002 

Lindane 

0.004 

u.uw 

Methoxychlor 

0.1 

0.1 

Toxaphene 

0.005 

0.005 

2,4-D 

0.1 

0.1 

2,4,5-TP  Silvex 

0.01 

0.01 

Trihalomethanes 

0.10 

0.10 

Turbidity  (TU) 

Colitorm  bacteria  — 
membrane  filter 

1  or  5* 

1  or  5* 

test  (#/100  ml) 

1  or  4 

1 

Gross  alpha  (pCi/l) 

Combined  Radium  226 

15 

IS 

and  Radium  228 

Beta  and  photon 
particle  activity 

5 

c 

(mrem^r) 

4 

A 

Chloride 

250 

Color  (units) 

15 

Copper 

1 

Corrosivity 

Noncorrosive 

Foaming  agents 

0.5 

Iron 

0.3 

Manganese 

0.05 

Odor  (threshold  no.) 

3 

pH  (units) 

6.5-85 

Sulfate 

250 

Total  dissolved  solids 

500 

Zinc 

Phenol 

Sodium 

Conductivity  (no  units) 

Total  organic  carbon 

Total  organic  halogen 
Temperature  (no  units) 

Total  alkalinity 
Ammonia-nitrogen 

Total  kjeldahl  nitrogen 

Calcium 

Magnesium 

Chemical  oxygen  demand 
MBAS 

5 

Note  "M“  denotes  monitoring  requirement  See  Section  4.3 

“S'  denotes  siting  requirement  See  text 
(*)  Surface  water  only. 
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ENViKONMKNTAL  rROTECTlON  ACENCV  NATIONAL 
INTERIM  PRIMARY  DRINKING  WATER  REGULATIONS 

<40  CFR  141;  40  FR  S956S.  Dccmibcr  24, 1975;  Amended  by  41  FR  28402,  Joty 
9,  1976;  44  FR  6X641.  Notrmber  29,  1979;  Corrected  by  45  FR  15542,  March  11, 
1980;  43  FR  57342.  August  27.  1980; 


Title  40— Protection  of  Environmeot 
CHAPTKM  l-EK\TKONMKNTAl. 
PROTECTION  ACENCI' 


Sl'BCHAPTER  O— WATER  1‘HOCKAMS 


PART  141— NATIONAL  INTERIM 
PRIMARY  DRINKING  WATER 
REGULATIONS 


-Rnhpnrl  A  Ceoerol 

Sec. 

441.1  AppiicolinHy. 

14J.2  Delioitiom. 

141.3  Covrrafc. 

J41A  Varionen  anderetiiptioat. 
141.S  Siiinr  requiremenu. 

141.C  Effective  duel 


Subpart  B— Maainun  Contaminant  Levels 

141.11  Llaaimom  oontaminant  levels  4dr  m- 

artanir  chemicals. 

141.12  Maiifflum  conUimnanI  levels  lor 

orpanir  chemicals 

141.13  Maiimum  contaminant  levels  for 

turbidil) . 

141.14  Mssimum  articrobiolosical  coniami- 

nant  levels 

141.15  Maatmum  contaminant  letels  for 

radium'226.  radium  235  and  cross 

alpha  particle  radiosrlfvtl)'  in  com- 
tnunilv  aaler  s>‘slrms 

141.16  Maaimum  contaminant  Irveh  lor  hem 

particle  and  photon  radinaclirit) 
from  man-made  radionuclides  in 
eomnuinity  water  systems. 


Sobpart  C— Maailarinc  and  Analy-tical 
Require  aients 

141.21  Microbiolocical  contaminant  umpliisc 
and  analytical  requirements. 

141.32  Turbidity  samplinc  and  analytical 
requirements 

141  33  Inurcanic  chemical  samplini;  and 
analytical  requiii  menis 

141  34  Orranic  chemicals  other  than  total  Iri- 
halomethanes.  samplinc  and  analyti¬ 
cal  requiremenu. 

14L.25  Analytical  Methods  for  Radioacliviiy. 

141.36  Maniiotint  FecqiMncy  far  Radioac- 
tivHy  Ml  Canimisatty  W'atcr  Srstems. 

141T7  Alternative  analytical  techniques. 

141.28  Approecd  lahoratorics. 

141.29  hloaitorinc  al  caeisecnlive  puhlic  w-ater 

syatems. 


Sabpsrt  D— Reportiac  PuMie  Natifseatioa. 
and  Reeord-keepinc 
141.31  Reportinc  requiremenu 
141.33  Public  noiificstion  of  variances,  ea 
<  millions,  and  non-comiihance  issth 
rerulaiHms 

14133  Record  maintenance 


fMshpait  E— Special  MaoMm-i^  Recerfatfaaa 
for  (trenair  Chemicals 

141.40  Special  miasilorinc  fat  orcanic  chemi¬ 
cals. 

AMthority:  Seen.  1412.  1414.  144S.  and  1490 
•f  the  Public  Health  Seraice  Act.  89  Slat.  1660 
442  U.SX. aOOc-l.  MOc-1.  M0}-4.  mud  900i-8l. 

Subpart  A— Ccucrsil 

SUi.l  elpplscalnlily. 

Tliis  pm  establishes  piiwiAry  drinkins 
water  regulations  puriuant  to  section 
1412  of  the  Public  Health  Sennee  Act.  as 
atneiuled  by  the  Sale  XirinUng  Water 
Act  (Pub.  L.  BS-S231 :  and  related  rccula- 
tlons  applicable  to  public  water  systems. 

S  141.2  Dcfiiiiliuiia. 

As  medin  this  parL  the  term; 

(al  “AcT'  mans  the  Public  Health 
Service  Act.  as  amended  by  the  Safe 
X^inking  Water  AcL  Pub.  L  93-S23. 

«b*  "Conlaminaiil  •  means  any  phy.'l- 
cal.  chemical,  biolocical.  or  radiolocical 
substance  or  matter  in  water. 

(c>  ‘'Maximum  contaminant  level’' 
means  the  maximum  perm’S-Mble  level  cl 
a  eontaminant  in  aater  which  ir  de¬ 
livered  to  the  free  noainp  ouUct  of  the 
ultimate  user  of  a  public  mater  system, 
except  in  the  case  of  turbidity  r.liere  the 
maximum  permissible  level  is  measured 
at  the  point  of  entry  to  the  distribution 
system.  Contaminants  added  to  the  mater 
under  circumstances  controlled  by  the 
User,  except  those  resulting  from  corro¬ 
sion  of  piping  and  plumbing  caused  by 
water  auallly.  ate  excluded  from  this 
definition. 

<d>  "Person"  means  an  individual, 
corporation,  romi:any,  a.v«;oci3tion.  part¬ 
nership.  Slate,  njunicij-alily,  or  Federal 

agency. 

(el  "Public  mater  system"  means  a 
system  for  the  provision  to  the  public 
of  piped  mater  for  human  consumption. 
If  such  system  has  at  least  fifteen  service 
connections  or  regularly  serves  cn  aver¬ 
age  of  at  least  tm-enty-flve  individuals 
dally  at  least  60  days  out  of  the  t-car. 
Such  term  Include.^  (II  any  collection, 
treatment,  storage,  and  distribution  fa- 
cullies  luuler  control  of  the  operator  of 
such  system  and  used  primarily  in  con¬ 
nection  mlth  such  system,  and  12  >  any 
collection  or  prelrcatmcnt  storage  facili¬ 
ties  not  under  such  control  mhich  are 
tired  primarily  in  connection  mith  such 
tv.-U-in.  A  public  mater  system  is  cither 


o  "eotnnumilr  qralcr  system" 
community  water  ss'stem.*' 

til  "Community  water  sysl 
a  pwblic  water  system  whici 
least  IS  service  connections  ui 
round  rexi dents  or  regularl: 
least  2S  year-round  residents 

tit)  *Tftm-eonnnimt^  wai 
mans  o  gmihhc  water  system 
acomsnnntty  arater  system. 

tf)  'aaiiltaiy  sorvey**  me 
site  reeiew  at  the  wster  soi 
lies,  equipment,  operation  a 
nance  of  a  public  water  sys 
purpose  of  evaluating  the  i 
such  source,  facilities,  equ: 
eration  and  maintenance  fo 
am!  distributing  safe  drtukii 

(gi  "fiitandard  aampie** 
sliQiiot  of  .finished  drinking  a 
•mamined  for  the  presence 
b.iCtei’ia. 

ib>  "State”  means  the  a; 
State  government  which  h 
lion  over  puhlir  water  sysii 
Aliy  period  aben  a  Stats  dt 
primary  enforcement  r 
pursuant  to  Section  1613  of 
term  "State”  means  the  R 
ministrator.  US.  Er.vlronmc 
tion  Agency. 

<11  "Supplier  of  aater" 
person  who  oa-ns  or  opera 
water  system. 

())  "Dose  equivalent”  me« 
uct  of  the  absorbed  dose  fi 
vedialrao  and  aadi  factaw  a 
diffe fences  vn  biolaeical  effei 
to  the  type  of  radiation  and 
tion  in  the  body  at  tprcifie 
Icrnational  Commission  on 
Units  and  Mcasurt  monis  (1C 

(kl  "Rem”  meant  the  t 
equivalent  from  itmuing  rad 
total  body  or  a^  tntcrnal  m 
si-strm.  A  "millirem  (mren 
of  a  vcm. 

(1)  ^icewurse  CpO**  mean 
tity  of  radioaettve  materii 
2.22  nuclear  transformationi 

(ml  "Cross  alpha  pariii 
meaiu  the  total  radioacti 
alpha  puTtitie  emission  as  i 
mcasurenientt  on  a  dry  sami 

(n)  "Xian-made  beta  purl 
(on  emitters"  means  all  . 
emitting  beta  particles  an 
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livlrd  in  Matinium  r»rmik>'iblf  H'xU 
ilutdtn*  and  Maiimum  Prrmi*>^iblt  C'ihi 
rrntralion  of  Radionuclidrv  in  Ait  iit 
Watci  for  C^ufi.iiional  E«|N>«utc.  NItS 
Handbook  €9.  carept  the  dauchtrt  priMi- 
ucU  of  tborium-232.  uranium'23S  and 
uraniun-23B. 

(o)  "Crocs  beta  particle  activity" 
means  the  total  radioactivity  due  to  beta 
partide  embsioa  as  inferred  from  mea«^ 
orementa  on  a  dry  aamptc. 

{41  FR  »402.  July  9. 1976) 

1141^  fpHt)  added  by  44  FR  69641. 
Mo«caAer29.I«7») 

fe)  "Haloeen"  itMans  oite  of  the  chem- 
iciu  elements  chlorine,  bromine  or  iodine. 

fq)  *Trihaloinetbane"  (TllMJ  means 
one  of  (he  family  of  organic  compounds, 
named  as  derivatives  of  methane, 
avberein  three  of  the  four  hj’drogen 
atoms  in  methane  arc  each  substituted 
^  a  halogen  atom  in  the  molecular 
structure. 

(r)  "Total  trihalomethanes"  (TTIIM) 
means  the  sum  of  the  coitcenlraiion  in 
millifFains  per  liter  of  (he 
trihalomethane  compounds 
(triddoremelharte  Ichloroform}. 
dibromochloromethaire, 
bromodichloroinelhane  and 
tribromomethane  Ibromoform]).  rounded 
to  two  srgntTicant  figures. 

(s)  "Maximum  Total  Trihalomethane 
Potential  |MTPJ"  means  the  maximum 
concentration  of  totsl  trihalomelhanes 
produced  in  a  given  water  containing  a 
disinfectant  residual  after  7  days  at  a 
temperature  of  25*  C  or  above. 

(t)  ‘Disinfectant*’  means  any  oxidant, 
induding  but  not  limited  to  chlorine, 
chlorine  dioxide,  chloramines,  and 
ozone  added  to  water  in  any  part  of  the 
treatment  or  distribution  process,  that  is 
intended  to  kill  or  inactivate  pathogenic 
micTOorga  nisms. 

il4U  Ciwevstic. 

This  part  shall  apply  to  each  public 
water  syslccu.  unless  the  public  water 
s^tem  meets  all  of  the  following  condi- 
tions; 

ta)  Con.«;Uls  only  of  dL'trtbulion  and 
sloiape  I.iciliUcs  (and  riot.a  not  have  any 
co’lection  end  trc.i'./nenl  facilllicsl; 

(b)  Obtains  sU  of  its  water  from,  but 
is  not  owned  or  operated  by.  a  public  wa> 
ter  system  to  which  such  regulations 
apply; 

,c)  Does  not  sell  water  to  any  person; 
and 

<d)  Is  not  a  carrier  which  eonvevs 
passengers  in  Interstate  commeicc. 

{141.4  Vari:inrr«  aitd  cventplions. 

Variances  or  caemptions  from  certain 
provisions  of  these  regulations  may  be 
granted  pursuant  to  Sections  14IS  and 
1416  ot  the  Act  by  the  entity  with  pri¬ 
mary  enforcement  responsibility,  Provl- 
>iotu  under  Part  142,  A'afionol  Inirrim 
P/imery  Drinkinp  Water  Krpuic.'ions 
Jinplcnrn/atior.—ejbpart  E  fVarianccsi 


.iFiil  Milipiiil  r  iKxrniplInm) — apply 
wiicic  ];i'A  h:>s  |•llmn^}'  enforcement 
ri  .|Miii  .llilMly. 

{  I4l.!t  SilSiig  rcaiMirrMifiilik 

Urfiiic  n  itrrspti  may  enter  Into  a  11- 
muiclHl  cuniinltmeitt  for  or  Initiate  con¬ 
struction  of  a  new  public  ivatcr  aystem 
or  hicn-aae  Uie  caimcitjr  of  an  caisUng 
public  srater  syslem.  be  sni^  notify  the 
Stale,  and.  to  Ute  extent  practicable, 
avoid  locatlnc  part  or  all  of  the  new  or 
cxi>anded  fucllity  at  a  site  which; 

(at  Ik  subject  to  a  slgniAcant  rUc 
froi.t  earthquakes,  floods,  fires  or  other 
disa.vtcrx  wliich  could  cause  a  breakdown 
of  the  public  water  system  or  a  portion 
thereof:  or 

(hi  Except  for  iiitoke  structures,  is 
w  ithin  Che  floodplain  of  a  lOO-year  flood 
or  Is  lower  than  any  recorded  high  tide 
nlierc  amFropriatc  records  exist. 

The  DS.  Environmental  ProtecUoo 
Agency  will  not  seek  to  override  land  use 
decidora  affecting  public  water  systems 
siting  which  are  made  at  the  State  or  lo¬ 
cal  government  levels. 


1 141.6  Effective  datea. 

11416  revised  bv  44  FR  68641.  November  29. 
19791 

(a)  Except  as  provided  in  paragraph 

(b)  of  this  section,  the  regulations  set 
forth  in  this  part  shall  take  effect  on 
June  24, 1977. 

(b)  *rhe  regulations  for  total 
trihalomethanes  set  forth  in  i  14).12(c) 
shall  take  effect  2  years  after  the  date  of 
promulgation  of  these  regulations  for 
community  water  systems  serving  75.000 
or  more  individuals,  and  4  years  after 
the  dale  of  promulgation  for 
communities  serving  10,000  to  74.999 
individuals. 

(c)  The  regulations  set  forth  in  341.11 
(a),  (eland  (d):  341  J4(«Kl); 
141.14(bKl)(cf.  141.14^)(2)(i):  141.14(d); 
141.21  (a),  (c)  and  (i);  141.22  (a)  and  (e); 
141.23  (a  1(3]  and  {a)(4):  141.23(f): 
141.24(6)13):  141.24  (c)  and  (0: 141.25(e): 
141.27(e);  141.28  (a)  and  (b).  141.31  (a). 

(c) .  (d)  and  (c);  ]4U2(b){3}:  and 
141.32(d)  shall  take  effect  immediately 
upon  promulgation. 

(d)  The  regulations  set  forth  in  141.41 
/shsU  take  effect  16  mondit  from  the  dale 
of  promulgation.  Siqrpliers  must 
complete  the  ftrsl  roimd  of  sampling  and 
reporting  within  32  months  following  the 
effective  date. 

(e)  The  regulations  set  forth  in  341.42 
shall  take  effect  IB  months  from  the  date 
of  promulgation.  All  requirements  in 
141.42  must  be  completed  within  12 
months  following  the  effective  dale. 

1141.6  4c)-(r)  added  by  45  FR  57342. 
Aurusl  27.  1980) 


Subpsrt  B — Maiimum  Conlsmlnsnl  levels 

{  It  1.1 1  /Mnkiiitiim  runlaininani  level*' 
For  Inorganic  rkeniicala. 

(a)  The  MO,  for  nitrate  it  applicable 
to  both  community  water  aystems  and 
non-community  water  systems  except  as 
provided  ^  in  paragraph  (<4.  The  Inrds 
lor  (he  othtf  organic  chendeds  app)jr 
only  to  cmnmnnity  water  systeraa. 
Compliance  with  KfOLs  for  inarganic 
dremicals  la  calculated  pursuant  to 
i  14E23. 

|141.1l(ai  amended  by  45  FR  57342. 
August  27. 1980) 

(b>  The  foUowinf  are  the  maximum 
contamtnant  levels  for  tnorgaiUc  cbemi- 
cals  itther  than  fluoride: 

Arael. 

mill^rami 


CoutamJnant  per  ktrr 

Arsenic  _ _ _ _  -  O.OS 

Bariun _ - _ -  .  1. 

oadmiwB _ -  a.  are 

Ctoroenlum -  a.  OS 

tewa _ 0.05 

Mercury  - _  0.003 

etltfwte  fas  Kf.  10. 

SclcnluiB  -  0.01 

Allvar -  0.05 


(c)  When  the  asmual  overage  of  the 
maximum  ilaily  air  temperatures  for  the 
location  In  w'hich  the  community  water 
system  Is  situated  Is  the  following,  the 
maxlmna  coatamlnajil  levels  for  fluoride 
are: 


T‘  Iveret 

D»Tr»t-r^  M-itt'vb  in!lUrr*T$ 

iilHii  ^rJittr 


.  U-ktir .  2.4 

.•Jhlrt.VJ .  J.MtoMX.. .  3  7 

.S»4tefa«. . .  I4.4Io17,A. . 

U**T»sUr. . i:.*luTI.4 . 

;c:ip:**.: . ;n..Mfi*ati . 

sf.J  !•»  *.41.:. . .  1.4 


(cl  Fluoride  at  optimum  levels  in 
drinking  water  has  beco  shown  to  have 
beneficial  effects  in  reducing  the 
occurrence  of  tooth  deesy. 

1141.11  tel  swwndrd  by  45  FR  57342. 
August  27. 19B0] 

(d)  At  the  discretion  of  the  State, 
nitrate  levels  not  to  exceed  20  mg/l  mey 
be  allowed  In  a  non-community  water 
system  if  the  supplier  of  water 
demorrslrates  to  the  aslisiaction  of  the 
Stale  that 

(1)  Such  water  wfl)  not  be  available  to 
childrea  under  6  months  of  age;  and 

(2)  There  will  be  continuous  posting  (d 
the  fact  drat  nitrate  levels  exceed  10 
nrgfl  and  the  potential  health  effects  of 
exposure;  and 

(3)  Local  and  State  public  health 
authorities  will  be  notified  annually  of 
nitrate  levels  that  exceed  lOmgfL  and 

(4)  No  adverse  health  effects  shall 
result 

1141. It  4d)  added  b>  45  FR  57342.  Aui:u*i 
27.  IKSO) 


€  r> 


•  f  C  r»  rv  •  F  n  f 


^  Ff.  O*  • 


J-14 


|Spc  t4Vn(C)(«)] 


primary  watcr  rules 


1 141.1J  Maitmum  contamlnint  levtl*  lor 
(  organic  chrmic  all.  ' 

IMI  irrrvisr^  t\  41  nt  6ac4I.  .NuM  iiilifi  2« 

197kl 

The  following  are  the  maximum 
contaminant  levels  for  organic 
chemicals.  The  maximum  contaminant 
levels  for  organic  chemicals  in 
Q^ragrapKs  (■)  ^nd  (t!)  of  this  section 
apply  to  jpITiwnimiini^  water  systems' 
Compliance  with  the  maximum 
contaminant  levels  in  paragraphs  (a) 
and  (b)  is  calculated  pursuant  to 
i  141.24.  The  maximum  comtaminani 
level  for  total  trihalomethanes  in  . 
paragraph  of  this.seclion  applies  only 
9o  cominunlty  water  systetiTs  which  ' 
serve  a'population  of  10.000  or  more~ 
individuals  and  which  add  a 
disinfectant  (oxidant)  to  the  water  in 
any  part  of  the  driidcing  water  treatment 
process.  Compliance  with  the  maximum 
contaminant  level  for  total 
trihalomethanes  is  calculated  pursuant 
to  i  141.30. 


ti-riiitnnl  t>v  it  iii«>iitlilv  nvrrncr  pursuant 
to  I  141. 2:’.  ixt-rpl  thill  five  or  fewer 
turblctlty  mill',  may  bi'  iilluwcd  If  the 
KUppIliT  of  Vtiil-r  ran  ilnnonsliutc  to  the 
BliiU*  Unit  till'  tilulirr  liiiblillly  does  not 
du  any  nl  llir  fiillowhii::' 

111  liitrrifrr  wiUi  disliifrrllon; 

121  I'lrvriit  inalnlrimncc  of  nn  elTec- 
Uve  dL’.iiifrctiitit  ni:cnt  Uirour.hout  the 
distribution  ayKtem;  or 

431  liitrrtcrc  with  nilcroblolocical 
detemitimtioitt. 

fbl  Five  turbidity  units  biuted  on  an 
averunc  for  two  consecutive  days  pursu¬ 
ant  to  t  141.22. 

{  141.14  tMakimuni  nnrrobttilusiral  con- 

The  maximum  contaminant  levels  for 
conform  bneteria.  applicable  to  com¬ 
munity  a-ntcr  systems  and  non-com¬ 
munity  water  systems,  are  as  follows: 

(al  When  the  membrane  Alter  tech¬ 
nique  pursuant  to  1141.21(a)  Is  used, 
the  number  of  conform  bacteria  shall 
not  exceed  any  of  the  following; 


Lci-rl. 
milliframs 
tier  liter 

(si  Chlorinaird  h>  drorsrbons: 

Endrin  (1.2.3.4.10.  10-hnachloro-  0.0003 
6.7-*pozy-l,4.  4a.&.6.T.8.8a-octa-  0/f,SSh 

hydro-1.4-cndo.  fndo-a.8-dim»th-  M** 

ano  naphthalenal. 

Undanr  (1.3.3.4.a.6-hexachlorocy-  0.004 
clohcaane.  aamma  i»oni(r).  M  frh 

Mrlhoxychlor  (l.l.l-Trithloro-2.  2-  O.I 

bis  |p  mf(ho\\  phfnyll  rthansi.  /••ff 

Toiaph»n»  (C„H„CI,  Tachnical  0.003 

chlorinaird  camphrnr.  67-69  per-  S' PP 

cant  chlorine  I  ”• 


(bi  Chlorophcnok.i's; 

2.4  D.  (2.4-Dirhluriiplir-nos> arctic 
acidl. 

2.4.3-TP  Silica  (2.4.5.Trichloro- 
phrnoa.i  propionic  arid  i. 


j  (c)  Total  trihalomethanes  (the  sum  of 
(the  concentrations  of  bromodichloro- 
1  methane,  dibromochloromethane .  tri- 
I  bromomrthanr  (bromoformi  and  tri- 
chloromelhane  (chloroform)  0.10  mpl. 

1141  12'fi  adui'd  b\  44  111  6fif41  Novt-rnber 
29  I979I 


(141.13  Masitnum  Conlaroinanl  leacit 
for  turbidity.  . 

The  maximum  contaminant  levels  foi 
turbidity  are  applicable  to  both  commu¬ 
nity  water  systems  and  non-community 
water  systems  using  surface  water 
sources  in  whole  or  in  part.  The  maxi¬ 
mum  contaminant  levels  for  turbidjty 
in  drinking  water,  measured  at  a  repre- 
M-ntaiixe  entry  pointisl  to  the  disiribu- 
lion  s>-lem.  are 

(a)  One  turbidity  unit  (TU).  as  de- 


|I41.I4(al(l)  revised  by  45  FR  67342. 
Aueust  27.  lyBO) 

(1)  One  per  100  milliliters  as  the 
arithmetic  mean  of  all  samples 
examined  per  compliance  period 
pursuant  to  {  141.21  (b)  or  (c),  except 
that,  al  the  primacy  Agency's  discretion 
"  systems  required  to  take  10  or  fewer 
samples  per  month  may  be  authorized  to 
m  exclude  one  positive  routine  sample  per 
~  0.1  month  from  the  monthly  calculaUon  U; 
ffb(i)  as  approved  on  a  case-by-case  basis 
the  State  dclcrmines  and  indicates  in 
' "  writing  to  the  public  water  system  that 
no  unreasonable  risk  to  health  existed 
under  the  conditions  of  this 
modification-  This  determination  should 
^  JJ„ibe  based  upon  a  number  of  factors  not 
0  oj”  *hmited  to  the  following.  (A)  the  system 
/Pffi  provided  and  had  maintained  an  active 
'  disinfectant  residual  in  the  distribution 
system.  (B)  the  potential  for 

S contamination  as  indicated  by  a 

sanitary  survey,  and  (C)  history  of 
the  water  quality  at  the  public  water 
system  (e.g.  MCL  or  monitoring 
violations):  (ii)  the  supplier  initiates  a 
check  sample  on  each  of  two 
mber  consecutive  days  from  the  same 

sampling  point  within  24  hours  after 
notification  that  the  routine  sample  is 
positive,  and  each  of  these  check 
leaeU  samples  is  negative;  end  (iii)  the  original 
positive  routine  sample  is  reported  and 
Ls  foi  recorded  by  the  supplier  pursuant  to 
nmu-  {  141.31(a)  and  1  147.33(8).  The  supplier 
unity  jjiaii  report  to  the  Stale  its  compliance 
naj^-  conditions  specified  in  this 

lidjty  P**’*8’^®ph  aAd  a  summary  of  the 
gpfe-  corrective  action  taken  to  resolve  the 
ribu-  prior  positive  sample  result.  If  a  positive 
routine  sample  is  not  used  for  the 
s  de-  monthly  calculation,  another  routine 


IS,’  C103 

aomplc  must  be  analyzed  for  compliunce 
purposes.  This  provision  may  be  used 
only  once  during  two  conaccutive 
compliance  periods. 

(2)  Pour  per  IbO  milliliters  in  mor 
Uinn  one  sample  when  less  than  20  ar 
exninlncd  per  month;  or 

(3)  Pour  per  100  mllllUters  In  mor 
than  five  percent  of  the  samples  ahei 
20  or  more  are  examined  per  month. 

(bXl)  When  the  fermentation  tub 
method  and  10  millUlter  standard  por> 
tions  pursuant  to  1 141.21(a)  are  used 
conform  bacteria  shall  not  be  present  li 
any  of  the  following: 

(Hl.lSibtlltiil  revised  by  45  PK  5*.'(42. 
Aufum  27.  lUttUI 

(i)  More  than  10  percent  of  the 
portions  (tubes)  in  any  one  month 
pursuant  to  i  141.21  (b)  or  (c)  except 
that  al  the  State's  discretion,  systems 
required  to  take  10  or  fewer  samples  per 
month  may  be  authorized  to  exclude  one 
positive  routine  sample  resulting  In  one 
or  more  positive  lubes  per  month  from 
the  monthly  calculation  if;  (A)  at 
approved  on  a  case-by-cate  basis  the 
State  determines  and  incLcatea  in 
writing  to  the  public  water  system  that 
no  unreasonable  risk  to  health  existed 
under  the  conditions  of  this 
modification.  This  detennination  ahould 
be  bated  upon  a  number  of  factors  not 
limited  to  the  followiztg:  (f)  the  aystem 
provided  and  had  maintained  an  active 
disinfectant  residual  in  the  distribution 
system,  [2)  the  potential  for 
contamination  as  indicated  by  a 
sanitary  survey,  and  (3)  the  history  of 
the  water  quality  at  the  public  water 
system  (e.g.  MCL  or  monitoring 
violations);  (B)  the  supplier  initiates  a 
check  sample  on  each  of  two 
consecutive  days  from  the  sampling 
point  within  24  hours  after  notification 
that  the  routine  sample  is  positive,  and 
each  of  these  check  samples  is  negative; 
and  (C)  the  original  positive  routine 
sample  it  reported  and  recorded  by  the 
aupplier  purauant  to  i  141  Jl(a)  and 
S  141.33(a).  The  suppLer  ahaU  report  to 
the  State  its  compliance  with  the 
conditions  specified  in  this  paragraph 
and  report  the  action  taken  to  resolve 
the  prior  positive  sample  result.  If  a 
positive  routine  sample  is  not  used  for 
the  monthly  calculation,  another  routine 
sample  must  be  analyzed  for  compliance 
purposes.  This  provision  may  be  used 
only  once  during  two  consecutive 
compliance  periods. 

(11)  three  or  more  portions  In  more 
than  one  sample  when  less  than  20  s.im- 
ples  are  examined  per  month;  or 

(lit)  three  or  more  portions  In  more 
than  five  percent  of  the  samples  when 
20  or  more  samples  are  examined  per 
month. 

(2)  When  the  fcrmenlAtion  lube 


(SfC  141  t4(b)(2)| 
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ENVIRONMENTAL  PROTECTION 
AGENCY 

(PRL 1433-3] 

Water  Quality  Criteria  Oocumenta; 
Availability 

AOf mcy;  Environmental  Protection 
Agency. 

AcnoM:  Notice  of  Water  Quality  Criteria 
Documents. 

summahy:  EPA  announces  the 
availability  and  provides  summaries  of 
water  quality  criteria  documents  for  M 
toxic  pollutants  or  pollutant  categories. 
These  criteria  are  published  pursuant  to 
section  304(a)(1)  of  the  Clean  Water  AcL 
AVAiuteiuTV  or  oocumintc 
Summaries  of  both  aquatic-based  and 
health-based  critaria  from  the 
documents  are  published  below.  Copies 
of  the  complete  documents  for 
individual  pollutants  may  be  obtained 
from  the  National  Technical  Information 
Service  (NTIS).  S285  Port  Royal  Road. 
Springfreld.  VA  221B1.  (703-4B7->&S0).  A 
list  of  the  NTIS  publication  order 
numbers  for  all  84  criteria  documents  is 
published  below.  These  documents  are 
also  available  for  public  inspection  and 
copying  during  normal  business  hours 
at:  ^blic  Information  Reference  Unit 
U.&  Environmental  Protection  Agency. 
Room  2404  (rear).  401  M  St,  S.\V.. 
Washington.  D-C.  20460.  As  provided  in 
40  CFR  Part  2.  a  reasonable  fee  may  be 
charged  for  copying  services.  Copies  of 
these  documents  are  also  available  for 
review  in  the  □’A  Regional  Office 

beioi!v'.  Kequests  sent  to  that  office  will 
be  forwarded  to  NTIS  or  returned  to  the 
sender. 

1.  Acenaphthene.  P681-1172S9. 

2.  Acrolein.  PBai-117277. 

3.  Acrylonitrile.  PB81-117285. 

4.  Aldrin/Dieldrin.  PB81-117301. 

5.  Antimony,  PB81-117319. 

8.  Arsenic.  PB81-n7327. 

7.  Asbestos.  PB81-117335. 

6.  Benzene.  PB81-lir2S3. 

9.  Benzioine.  PB81-117343. 

10.  Beryllium.  PB81-117350. 

11.  Cadmium.  PB81-117388. 

12.  Carbon  Tetrachlorida.  PB81- 
117378. 

13.  Chlordane.  PB81-117384. 

14.  Chlorinated  beroenes.  PB61- 
117392. 

15.  Chlorinated  ethanes.  PB81-tl7400. 
18.  CKloroaLkyl  ethers.  P381-1174ia. 

17.  Chlonnated  naphthalene.  PB81- 
117426. 

18.  Chlonnated  phenols.  PB81-lir434. 

19.  ChJorofcm-..  PE81-n744:. 

20.  2-c.hicrophcr.o!.  rE31-:ir459. 


21.  Chromium.  PB81-117467. 

22.  Copper.  PB81-117475. 

23.  Cyanides.  PB81-117483. 

24.  DDT.  PB81-117401. 

25.  Dichlorobenzenes,  PBOl-117500. 

28.  Dichlorobenzidine.  PB81-117S17. 
27.  Dichloroethyienet.  PB81-117S25. 

2a  2.4-dichlorophenoL  PB81-117533. 

29.  Dichloropropanes/propenea,  PB81- 
117541. 

30. 2.4-dimethylphenoL  PB8l-11755a 

31.  Di^trotoluene.  PB81-11756a 

32.  Diphenythydrazine.  PB81-117731. 

33.  Endotulfan.  PBei-117574. 

34.  Endrin.  PB81-117582. 

35.  Ethylbenzene,  PB81-117590. 

3a  Fluoranthene.  PB81-11760a 
37.  Haloethers,  PB81-1176ia 
3a  Halomethanes.  PB81-117624. 

3a  Heptachlor,  PB81-117B32. 

4a  Hexachlorobutadiene.  PB81- 

117840. 

41.  Hexachlorocyciohexane.  PB81- 
117857. 

42.  Hexachlorocyclopentadiene.  PBSl- 
117865. 

43.  Isophorone.  PB81-117673. 

44.  Lead.  PB81-117681. 

45.  Mercury.  PB81-.lir699. 

48.  Naphthalene,  PB81-117707. 

47.  Nickel.  PB81-H771S. 

4a  Nitrobenzene.  PB81-117723. 

49.  Nitrophenols,  PB81-117749. 

5a  Nitrosamines.  PB81-117756. 

51.  Pentachlorophenol.  PB81-1 17764. 
5Z  Phenol  PB81-117772. 

51  Phthalate  esters.  PB81-11778a 

54.  Polychlorinated  biphenyls  (PCBs), 
PB81-H779a 

55.  Polynuclear  aromatic 
hydrocarbons,  PB81 -117808. 

56.  Selenium.  PB81-117814. 

57.  Silver.  PB81-117822. 

Sa  Tetrachloroethylene.  PB81-117830. 
39.  Thallium.  PB81-117B48. 

6a  Toluene.  PB81-117853. 

81.  Toxaphene.  PB81-117863. 

61  Trichloroethylene.  PBSl-lirsTl. 

83.  Vinyl  chloride.  PB81-117889. 

84.  Zinc.  PB81-117897. 

PON  PUNTNtN  INPONMATION  CONTACT; 

Dr.  Frank  Gostomski.  Criteria  and 
Standards  Division  (\VH-585).  United 
States  Environmental  Protection 


tUmAMINTAHY  INPORMATION: 
Background 

Pursuant  to  section  304(a)(l]  of  the 
Clean  Water  Act  33  U.S.C  1314(a)(1). 
EPA  is  required  to  periodically  review 
and  publish  criteria  for  water  quality 
accurately  reflecting  the  latest  setenuTte 
knowledge: 

(A1  on  (he  kind  and  extent  of  all 
idesn.'iabie  tUtzu  on  health  and  welfare 
incivding  but  not  iiniited  to.  plankton,  fiih. 


shellfish,  wildlife,  plant  Ufa,  shoreiinet. 
beaches,  esthetics,  and  recreation  which  msy 
be  expected  from  the  presence  of  pollutants 
in  any  body  of  watar.  Including  groundwater. 
(B)  on  the  concentration  and  diapersal  of 
pollutants,  or  their  bjrproductt.  through 
biological  physical  and  chemical  processes, 
and  (C)  on  tht  effects  of  poUutanca  on 
biological  community  diversity,  productivity, 
and  stability,  including  Information  on  the  ' 
factors  affecting  rates  of  eutrophication  and 
rataa  of  organic  and  inorganic  sedimentation 
for  varying  types  of  receiving  waters. 

EPA  is  today  announcing  the 
availability  of  criteria  documents  for  84 
of  the  85  pollutants  designated  as  toxic 
under  section  307(a)(1)  of  the  Act  The 
document  on  TCDD  (Dioxin)  will  be 
published  within  the  next  month  after 
review  of  recent  studies.  Criteria  for  the 
aection  307(a)(l}  toxic  pollutants  being 
published  today  will  replace  the  criteria 
for  those  same  pollutants  found  In  the 
EPA  publication.  Quality  Criteria  for 
Yfater,  (the  “Red  Book.”)  Criteria  for  all 
other  pollutants  and  water  constituents 
found  in  the  “Red  Book"  remain  valid. 
The  criteria  published  today  have  been 
derived  using  revised  methodologies  for 
determining  pollutant  concentrations 
that  will  when  not  exceeded, 
reasonably  protect  human  health  and 
aquabc  life.  Draft  criteria  documents 
were  made  available  for  public 
comment  (44  FR  15928.  March  15. 1979. 

44  FR  43660.  July  25. 1979.  44  FR  56628. 
October  1,  1979).  These  final  criteria 
have  been  derived  after  consideration  of 
all  comments  received. 

These  criteria  documents  are  also 
issued  in  satisfaction  of  the  Settlement 
Agreement  in  Natural  Resources 
Defense  Council,  et  al  v.  Train.  8  E.R.C. 
2120  (1976).  modified.  12  E.R.C.  1823 
(D.D  C  1979).  Pursuant  to  paragraph  11 
of  that  agreement.  □’A  is  required  to 
publish  criteria  documents  for  the  65 
pollutants  which  Congress,  in  the  1977 
amendments  to  the  Act.  designated  as 
toxic  under  section  307(a)(1).  These 
documents  contain  recommended 
maximum  permissible  pollutant 
concentrations  consistent  with  the 

Erotection  of  aquatic  organisms,  human 
eaith.  and  some  recreational  activities. 
Although  paragraph  11  imposes  certain 
^pligations  on  the  .Agency,  it  does  net 
Xreate  additional  au^ority. 

Tba  Development  of  Water  Quality 
Criteria 

Section  304(a)(1)  criteria  contain  two 
essential  types  of  information:  (1) 
discussions  of  available  scientific  data 
on  the  effects  of  pollutants  on  public 
health  and  welfare,  aquatic  life  and 
recreation,  and  (2)  quanutative 
concentrations  or  qualitative 
assessments  of  the  pollutants  in  wat..-r 
whic.S  will  generally  ensure  water 
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qualit>'ttder;uBte  to  support  a  spedfied 
water  sise.  Under  aection  304(a)(1).  these 
criteria  are  based  solely  on  data  and 
scientific  judgments  on  the  relationship 
between  pollutant  concentrations  and 
environmental  and  human  health 
effects.  Criteria  values  do  not  reflect 
considerations  of  economic  or 
technological  feasibility. 

Publication  of  water  quality  criteria  of 
this  type  has  been  an  ongoing  process 
which  EPA.  and  its  predecessor  Agency, 
the  Federal 'Water  Pollution  Control 
Administration,  have  been  engaged  in 
since  1968.  At  that  time  the  first  Federal 
compilation  of  water  quality  criteria,  the 
so-called  “Green  Book"  (Water  Quality 
Criteria),  was  published.  As  now.  these 
criteria  contained  both  narrative 
discussions  of  the  environmental  effects 
cf  pollutants  on  a  range  of  possible  uses 
and  concentrations  of  pollutants 
neoessaryio  support  these  uses.  Since 
that  time,  water  quality  criteria  have 
been  revised  and  expanded  with 
publication  of  the  “Blue  Book"  (Water 
Quality  Criteria  19T2)  in  1973  and  the 
'  Red  Book"  (Quality  Criteria  for  Water) 
in  1976. 

Since  publication  of  the  Red  Book 
there  have  been  substantial  changes  in 
EPA's  approach  to  assessing  scientific 
data  and  deriving  section  304(a)(1) 
criteria.  Previous  criteria  were  derived 
from  a  limited  data  base.  For  many 
pollutants,  an  aquatic  life  criterion  was 
derived  by  multipl>ing  the  lowest 
concentration  known  to  have  acute 
lethal  effect  on  half  of  a  test  group  of  an 
aquatic  species  (the  LCSO  value)  by  an 
application  factor  in  order  to  protect 
against  chronic  effects.  If  data  showed  a 
substance  to  be  bioaccumulative  or  to 
have  other  significant  long-term  effects, 
a  factor  was  used  to  reduce  the 
indicated  concentrations  to  a  level 
presumed  to  be  protective.  Criteria  for 
the  protection  of  human  health  were 
similarly  derived  by  considering  the 
pollutants'  acute,  chronic,  and 
bioaccumulative  effects  on  non-human 
mammals  and  humans. 

•Although  a  continuation  of  the 
process  of  criteria  development,  the 
criteria  published  today  were  derived 
using  revised  methodologies 
(Guidelines)  for  calculating  the  impact 
of  pollutants  on  human  health  and 
aquatic  organisms.  These  Guidelines 
consist  of  systematic  methods  for 
assessing  valid  and  appropriate  date 
concerning  acute  and  chronic  adverse 
effects  of  pollutants  on  aquatic 
organisms,  non-human  mammals,  and 
humans  By  use  of  these  data  in 
prescribed  ways,  criteria  are  formulated 
to  protect  aquatic  life  and  human  health 
from  exposure  to  the  pollutants.  Fcr 
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some  pollutants,  bioconcentralion 
properties  are  used  to  formulate  oiteria 
protective  cf  aquatic  life  uses.  For 
almost  all  of  the  pollutants, 
bioconcentrarion  properties  are  used  to 
assess  the  relative  extent  of  human 
exposure  to  the  pollutant  either  directly 
through  ingestion  of  water  or  indirectly 
through  consumption  of  aquatic 
organisms.  Human  health  criteria  for 
carcinogens  are  presented  as 
incremental  risks  to  man  associated 
with  specific  concentrations  of  the 
pollutant  in  ambient  water.  The 
Guidelines  used  to  derive  criteria 
protective  of  aquatic  life  and  human 
health  are  fully  described  in  appendices 
B  and  C  respectively,  of  this  Notice. 

The  Agency  believes  that  these 
Guidelines  provide  criteria  which  more 
accurately  reflect  the  effects  of  these 
pollutants  on  human  health  and  on 
aquatic  organisms  and  their  uses.  They 
are  based  on  a  more  rational  and 
consistent  approach  for  using  scientific 
data.  These  Guidelines  were  developed 
by  EPA  scientists  in  consultation  with 
scientists  from  outside  the  Agency  and 
they  have  been  subjected  to  intensive 
public  comment. 

Neither  the  Guidelines  nor  the  criteria 
are  considered  inflexible  doctrine.  Even 
at  this  time.  EPA  is  taking  action  to 
employ  the  resources  of  peer  review 
groups,  including  the  Science  Advisory 
Board,  to  evaluate  recently  published 
data,  and  EPA  is  conducting  its  own 
evaluation  of  new  data  to  determine 
whether  revisions  to  the  criteria 
documents  would  be  warranted. 

The  criteria  published  today  are 
based  solely  on  the  effect  of  a  single 
pollutant.  However,  pollutants  in 
combination  may  have  different  effects 
because  of  synergistic,  additive,  or 
antagonistic  properties.  It  is  impossible 
in  these  documents  to  quantify  the 
combined  effects  of  these  pollutants, 
and  persons  using  criteria  should  be 
aware  that  site-specific  analysis  of 
actual  combinations  of  pollutants  may 
be  necessary  to  give  more  precise 
indications  of  the  actual  environmental 
impacts  of  a  discharge. 

Relationship  of  the  Section  304(a)(1) 
Criteria  to  Regulatory  Programs 

Section  304(a)(1)  criteria  are  not  rules 
end  they  have  no  regulatory  inpecL 
Rather,  these  criteria  present  scientific 
data  and  guidance  on  the  enviromental 
effect  of  pollutants  which  can  be  useful 
to  derive  regulatory  requirements  based 
on  considerations  cf  water  quahty 
impacts  Under  the  Clean  Water  Act. 
these  regulatory  requirements  may 
include  the  promulgation  of  water 
quaiity-besed  effluent  limitations  under 
section  302.  water  quality  standards 


under  section  303.  or  tonic  pollutant 
effluent  standards  under  seeben  227. 
States  are  encouraged  to  begin  to 
modify  or,  if  necessary,  develop  new 
programs  necessary  to  support  the 
implementation  of  regulatory  controls 
for  toxic  pollutants.  As  appropriate. 
Stales  may  incorporate  criteria  for  toxic 
pollutants,  based  on  this  guida.noe.  into 
their  water  quality  standards. 

Section  304(b){1}  criteria  have  been 
most  closely  associated  with  the 
development  of  State  water  quality 
standards,  and  the  “Red  Book"  values 
have,  in  the  past,  been  tbe  basis  for 
EPA's  assessmenu  of  the  adequacy  of 
State  requirements.  However.  EP.A  is 
now  completing  a  soator  review  of  its 
water  quality  standards  prlicics  and 
regulations.  After  coasideration  of 
comments  received  on  an  .Advance 
.Notice  of  Proposed  Rulemaking  (43  FR 
29588.  July  10, 1978]  and  the  draft 
criteria  documents,  the  .^genc}:  intends 
to  propose,  by  the  end  of  this  year,  a 
revised  water  quality  standards 
regulation  which  will  clarify  the 
Agency's  position  on  a  num'oer  of 
sigrufleant  standards  issues. 

With  the  publication  of  these  criteria, 
however,  it  is  appropriate  to  discuss 
EPA's  current  thinking  on  standards 
issues  relating  to  their  use.  This 
discussion  does  not  establish  new 
regulatory  requirements  and  is  intended 
as  guidance  on  the  possible  uses  of 
these  criteria  and  an  indication  of  future 
rulemaking  the  Agency  may  undertake. 
No  substantive  requirements  will  be 
established  without  further  opportunity 
for  public  commenL 

Water  Quality  Standards 

.  Section  303  of  tbe  Clean  Water  Act 
provides  that  water  quality  standards  be 
developed  for  all  surface  waters.  A 
water  quality  standard  consists 
basically  of  two  parts:  (1)  A  “designated 
use"  for  which  the  water  body  is  to  be 
protected  (such  as  ‘'agricultural." 
"recreation"  or  "fish  and  wildlife"),  and 
(2)  "criteria"  which  are  numerical 
pollutant  concentration  limits  or 
narrative  statements  necessary  to 
preserve  or  achieve  the  designated  use. 
A  water  quality  standard  is  developed 
through  State  or  Federal  rulemaking 
proceedings  and  must  be  translated  into 
enforceable  effluent  limitations  in  a 
point  source  (NPDES)  permit  or  may 
form  the  basis  of  best  management 
practices  applicable  to  nonpoint  sources 
under  section  203  of  the 

Relationship  Section  3Cri(o}i:] 

Criteria  to  the  Criteria  Conpo.nent  ci 
State  Water  Quality  Standards: 

In  the  A.NTRM,  EPA  a.nnounced  a 
policy  of  "presumptive  applicability"  for 
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section  304(s)(l)  criteria  codified  in  the 
‘‘Red  Book.**  Presumptive  applicability 
meant  thet  a  State  had  to  adopt  a 
criterion  for  a  particular  water  quality 
parameter  at  least  as  stringent  as  the 
recommendation  in  the  Red  Book  unless 
the  State  was  able  to  justify  a  less 
stringent  criterion  based  on:  natural  - 
background  conditions,  more  recent 
scientific  evidence,  or  local  site-specific 
informatioa  EPA  is  rescinding  the 

Solicy  of  presumptive  applicability 
ecause  it  has  proven  to  be  too 
inflexible  in  actual  practice. 

Although  the  section  304(a)(1)  criteria 
represent  a  reasonable  estimate  u> 
pollutant  concentrations  consistent  with 
the  maintenance  of  designated  water 
uses.  States'may  appropriately  modify 
these  values  to  reflect  local  conditions. 
In  certain  circumstances,  the  criteria 
may  not  accurately  reflect  the  toxicity  of 
a  pollutant  because  of  the  effect  of  local 
water  quality  characteristics  or  varying 
sensitivities  of  local  populations.  For. 
example,  in  some  cases,  ecosystem 
adaptation  may  enable  a  viable, 
balanced  aquatic  population  to  exist  in 
waters  with  high  natural  background 
levels  of  certam  pollutants.  Similarly, 
certain  compounds  may  be  more  or  less 
toxic  in  some  waters  because  of 
differences  in  alkalinity,  temperature, 
hardness,  and  other  factors. 

Methods  for  adjusting  the  section 
304(a)(1)  criteria  to  reflect  these  local 
differences  are  discussed  below. 

Relatior.ship  of  Section  304(a}(l} 

Cr:tena  to  Designated  Water  Uses: 

The  criteria  published  today  can  be 
used  to  support  the  designated  uses 
which  are  generally  found  in  State 
standards.  The  following  section 
discusses  the  relationship  between  the 
criteria  and  indivridual  use 
classifications.  Where  a  water  body  is 
designated  for  more  than  one  use, 
criteria  necessary  to  protect  the  most 
sensitive  use  should  be  applied. 

1.  Recreation:  Recreational  uses  of 
water  include  such  activities  as 
swimming,  wading,  boating  and  fishing. 
Although  insufficient  data  exist  on  the 
effects  of  toxic  pollutanu  resulting  from 
exposure  through  such  primary  contact 
as  swimming,  section  304(a)(1)  criteria 
based  on  human  health  eflects  may  be 
used  to  support  this  designated  use 
where  fislting  is  included  in  the  Slate 
definition  of  ’recreation."  la  this 
situation  only  the  portion  of  the  critenon 
based  on  fish  consumption  should  be 
used. 

2.  Prelection  and  Propagciicn  o'  F.sh 
cr.d  0:^er  Acuct:c  Life:  The  section 
304(3  ,  criteria  based  on  toxicity  to 
ecus:.:  '.iff  “cv  be  used  direc'  y  to 
sjpr-:'  c-s  cnaicc  use 


3.  AgricuJturot  and  Industrial  Uses: 
The  section  304(a)(1)  criteria  were  not 
specifically  developed  to  reflect  the 
impact  of  pollutants  on  agricultural  and 
induatrial  uses.  However,  the  criteria 
developed  for  human  health  and  aquatic 
life  are  sufficiently  stringent  to  protect 
these  other  uses.  States  may  establish 
criteria  tpeciflcally  designed  to  protect 
these  uses. 

4.  Public  Water  Supply.  The  drinking 
water  exposure  component  of  the 
human  health  effects  criteria  can  apply 
directly  to  this  use  classification  or  may 
be  appropriately  modified  depending  • 
upon  whether  the  specific  water  supply 
system  falls  within  the  auspices  of  the 
Safe  Drinking  Water  Act’s  (SDWA) 
regulatory  control  and  the  type  and 
level  of  treatment  imposed  upon  the 
supply  before  delivery  to  the  consumer. 
The  SDWA  controls  the  presence  of 
toxic  pollutants  in  finished  (“end-of- 
tap")  drinking  water.  A  brief  description 
of  relevant  sections  of  this  Act  is 
necessary  to  explain  how  the  SDWA 
will  work  in  conjunction  with  section 
304(a](l]  criteria  in  protecting  human 
heahh  from  the  effects  of  toxica  due  to 
consumption  of  water. 

Pursuant  to  section  1412  of  the  SDW.A. 
EPA  has  promulgated  “National  Interim 
Primary  Drinking  Water  Standards"  for 
certain  organic  and  inorganic 
substances.  These  standards  establish 
"maximum  contaminant  levels" 
("MCLs")  which  specify  the  maximum 
permissible  level  of  a  contaminant  in 
water  which  may  be  delivered  to  a  user 
of  a  public  water  system  now  defined  as 
serving  a  minimum  of  25  people.  .VfCLs 
are  established  based  on  consideration 
of  a  range  of  factors  including  not  only 
the  health  effects  of  the  contaminants 
but  also  technological  and  economic 
feasibility  of  the  contaminants'  removal 
from  the  supply.  EPA  is  required  to 
establish  revised  primary  inking  water 
regulations  based  on  the  effects  of  a 
contaminant  on  human  health,  and 
include  treatment  capability,  monitoring 
availability,  and  costs.  Under  Section 
1401(l}{D)(i)  of  the  SDWA,  EPA  is  also 
allowed  to  establish  the  minimum 
quality  criteria  for  water  which  may  be 
taken  Into  a  public  water  supply  system. 

Section  304(a)(1)  criteria  provide 
estimates  of  pollutant  concentrations 
protective  of  human  health,  but  do  not 
consider  treatment  Icchnologj’,  costs 
and  other  feasibility  factors.  The  section 
304(a)(1)  criteria  also  include  fish 
bioaccumulation  and  consumption 
factors  tn  addition  to  direct  h’iman 
drinking  water  intake.  These  numbers 
were  not  developed  to  serve  as  "e.nd  cf 
t£p  '  drinking  water  standards,  and  '.hey 
ha  . e  r.o  resuiatory  s.cr.::;car.ce  -.rcr: 
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the  SDWA.  Drinking  water  standards 
arc  established  based  on  considerations. 
Including  technological  and  economic 
feasibility,  not  relevant  to  section 
304(a)(1)  criteria.  Section  304(a)(1) 
criteria  may  be  analogous  to  the 
recommended  maximum  contaminant 
levels  (RMCLs)  under  section 
1412(b)(1)(B)  of  the  SDWA  in  which, 
bated  upon  e  report  from  the  National 
Academy  of  Sciences,  the  Administrator 
should  set  target  levels  for  contaminants 
in  drinking  water  at  which  “no  known  or 
anticipated  adverse  effects  occur  and 
which  allows  an  adequate  margin  of 
safety".  RMCLs  do  not  take  treatment, 
cost  and  other  feasibility  factors  into 
consideration.  Section  304(a)(1)  criteria 
are.  in  concept,  related  to  the  health- 
based  goals  specified  in  the  RMCLs. 
Specific  mandates  of  the  SOWA  such  as 
the  consideration  of  multi-media 
exposure,  as  well  as  different  methods 
for  setting  maximum  contaminant  levels 
under  the  two  Acts,  may  result  in 
differences  between  the  two  numbers. 

MCLs  of  the  SDWA,  where  they  exist, 
control  toxic  chemicals  in  finished 
drinking  water.  However,  because  of 
variations  in  treatment  and  the  fact  that 
only  a  relatively  small  number  of  MCLs 
have  been  developed,  ambient  water 
criteria  may  be  used  by  the  States  as  a 
supplement  to  SDWA  regulations.  States 
will  have  the  option  of  applying  MCLs, 
section  304(a)(1)  human  health  effects 
criteria,  modified  section  304(a)(1) 
criteria  or  controls  more  stringent  than 
these  three  to  protect  against  the  efiects 
of  toxic  pollutants  by  ingestion  from 
drinking  water. 

For  untreated  drinking  water  supplies. 
States  may  control  toxics  in  the  ambient 
water  through  either  use  of  MCLs  (if 
they  exist  for  the  pollutants  of  concern), 
section  304(a)(1)  human  health  effects 
criteria,  or  a  more  strigent  contaminant 
level  than  the  former  two  options. 

For  treated  drinking  water  supplies 
serving  less  than  25  people.  Stales  may 
choose  toxics  control  through 
application  of  MCLs  (if  they  e.xist  for  the 
pollutants  of  concern  and  are  attainable 
by  the  type  of  treatment)  in  the  finished 
drinking  water.  States  also  have  the 
options  to  control  toxics  in  the  ambient 
water  by  choosing  section  304(a)(l.) 
criteria,  adjusted  section  304(a)(1) 
criteria  resulting  from  the  reduction  of 
the  direct  drinking  water  exposure 
component  in  the  criteria  calculation  to 
the  extent  that  the  treatment  procedure 
reduces  the  level  of  pollutants,  or  a  more 
stringent  contaminant  level  dian  the 
former  three  options. 

For  treated  drinking  water  supplies 
ser.-i,ng  25  people  or  greater.  States  -vst 
control  toxtes  down  to  levels  at  least  as 
s:.'’..''.c<?ni  as  MCLs  lurere  they  ev.st  for 
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the  pollutanu  of  concern)  in  the  finished 
drinking  water.  However.  States  also 
have  the  options  to  control  toxics  in  the 
ambient  water  by  choosing  section 
S04{a)|l)  criteria,  adjusted  section 
304(a)il)  criteria  resulting  from  the 
reduction  of  the  direct  drinkicg  water 
exposure  component  in  the  criteria 
calculation  to  the  extent  that  the 
treatment  process  reduces  the  level  of 
pollutants,  or  a  more  stringent 
contaminant  level  than  the  former  three 
options. 

Inclusion  of  Specific  Pollutants  in  State 
Standards: 

To  cate,  EPA  has  not  required  that  a 
State  address  any  specific  pollutant  in 
its  standards.  Although  all  States  have 
established  standards  for  most 
conventional  pollutants,  the  treatment  of 
icxic  pollutants  has  been  much  less 
exteiuive.  In  the  A\TRM.  EPA 
suggested  a  policy  under  which  States 
would  be  required  to  address  a  set  of 
pollutants  and  incorporate  specific  toxic 
pollutant  criteria  into  water  quality 
standards.  If  the  State  failed  to 
incorporate  these  criteria.  EPA  would 
promulgate  the  standards  based  upc.*i 
these  criteria  pursuant  to  section 
303(c){4)C3). 

In  the  forthcoming  proposed  revision 
to  the  water  quality  standard 
regulations,  a  significant  change  in 
policy  will  be  proposed  relating  to  the 
incorporation  of  certain  pollutants  in 
State  water  quality  standards.  This 
oroposal  will  differ  from  the  proposal 
made  in  the  A.\PR.M.  The  A.NPR.M 
proposed  en  EPA-published  list  of 
pollutents  for  which  States  would  have 
had  to  develop  water  quality  standards. 
This  list  might  have  contained  some  (or 
alii  of  the  65  toxic  pollutants.  However, 
the  revised  water  quality  standards 
'  regulation  will  propose  a  process  by 
which  EPA  will  assist  States  in 
identifying  specific  toxic  poUutants 
required  for  assessment  for  possible 
inclusion  in  State  water  quality 
standards.  For  these  pollutants.  States 
will  have  the  option  of  adopting  the 
published  criteria  or  of  adjusting  those 
enteria  based  on  site-speci.^.c  analysis. 

These  pollutants  woold  generally 
represent  the  greatest  threat  to 
sustaining  a  healthy,  balanced 
ecosystem  in  water  bodies  or  to  human 
health  due  to  exposure  directly  or 
'indirectly  from  water.  EPA  is  currently 
developing  a  process  to  determine 
svhich  pollutants  a  State  must  assess  for. 
possible  inclusioc  in  its  water  quality 
standards  Relevant  factors  nught 
include  the  toxicity  of  the  poliutanu  the 
frequenci  and  concentration  of  it.' 
discnaree.  iis  geofraphica)  dtstribution. 
tne  breadth  of  data  uncerlyi.ng  tne 


Bcientif.c  assessment  of  its  aquatic  life 
and  human  health  effects,  and  the 
technological  and  economic  capacity  to 
control  the  discharge  of  the  pollutant. 

For  acme  of  the  poUutants.  aU  States 
may  be  required  to  assess  them  for 
possible  inclusion  in  their  standards.  For 
others,  assessment  would  be  restricted 
to  States  or  limited  to  specific  water 
bodies  where  the  pollutants  pose  a 
particular  tite*apecific  problem. 

Criteria  Modificalioii  Process 

Flexibility  is  available  in  the 
application  of  these  and  any  other  valid 
water  quality  criteria  to  regulatory 
programs.  Although  in  seme  cases  they 
may  be  used  by  the  States  as  developed, 
the  criteria  may  be  modified  to  refect 
local  environmental  conditions  and 
human  exposure  patterns  before 
incorporation  into  programs  auch  as 
Water  quality  standards.  U  significant 
impacts  of  site-specific  water  quality 
conditions  in  the  toxidties  of  pollutants 
can  be  demonstrated  or  significantly 
different  exposure  patterns  of  these 
pollutants  to  humans  can  be  shown, 
section  304(a)(1)  criteria  may  be 
modified  to  reflect  these  local 
conditions.  The  term  “local”  may  refer 
to  any  appropriate  geographic  area 
where  common  aquatic  environmental 
conditions  or  exposure  patterns  exist. 
Thus,  “local"  may  signify  a  Statewide, 
regional,  river  reach,  or  entire  river 
basic  area.  On  the  other  band,  the 
criteria  of  some  pollutants  might  be 
applicable  nationwide  without  the  need 
for  adaptation  to  reflect  local 
conditions.  The  degree  of  toxicity 
toward  aquatic  organisms  and  humans 
characteristic  of  these  pollutants  would 
not  change  significantly  due  to  local 
water  quality  conditions'. 

EPA  is  examining  a  series  cf 
environmental  factors  or  water  quality 
parameters  which  might  realistically  be 
expected  to  affect  the  laboratory- 
derived  water  quality  criterion 
recommendation  for  a  specific  pollutant. 
Factors  such  as  hardness.  pH. 
suspended  solids,  types  of  aquatic 
organisms  present,  etc.  could  impact  on 
the  chemical's  effect  in  the  aquatic 
environment  Therefore,  local 
Information  can  be  assembled  and 
anaij'zed  to  adjust  the  criterion 
recommendation  if  necessary. 

The  Guidelines  for  deriving  criteria  for 
the  protection  of  aquatic  life  suggest 
leveral  approaches  for  modifying  the 
critena.  First  toxicity  data,  both  acute 
and  chronic,  for  local  specirs  could  be 
substituted  for  some  o.'  all  o.'  the  species 
used  in  deriving  criteria  for  the  water 
quahty  standard.  The  minimum  data 
requirements  should  still  be  fulfilled  in 
calculating  a  revised  entenon  Second. 
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criteria  may  be  specifically  tailored  to  a 
local  water  body  by  use  of  data  from 
toxicity  tests  performed  with  that 
ambient  water.  A  procedure  such  as  this 
would  account  for  local  environmental 
conditions  in  formulatLng  a  criterion 
relevant  to  the  local  water  body.  Third, 
fite-specific  water  quality 
characteristics  resulting  in  either 
enhancement  or  mitigation  of  aquatic 
life  toxicity  for  the  pollutant  could  be 
factored  into  final  formulation  of  the 
criterion.  FinaUy.  the  criteria  may  be 
made  more  stringent  to  ensure 
protection  of  an  individual  species  not 
otherwise  adequately  protected  by  any 
of  the  three  modification  procedures 
previously  mentioned. 

EPA  does  not  intend  to  have  States 
assets  every  local  stream  se^.ent  end  j 
lake  in  the  country  on  an  individual 
basis  before  determining  if  an 
adjustment  is  necessary.  Rather,  it  is 
envisioned  that  water  bodies  having 
similar  hydrological,  chemical,  physical, 
and  biological  prepertiet  will  be 
grouped  for  the  purpose  of  criteria 
adjustment.  The  purpose  of  this  effort  is  ! 
to  assist  States  in  adapting  the  section  ' 
304(e)  uiteria  to  local  conditions  whs.’-e 
needed,  thereby  precluding  the  setting  of 
arbitrary  and  perhaps  unnecessarily 
stringent  or  underprotective  criteria  in  a  j 
water  body.  In  aU  cases.  EP.\  will  still  1 
be  required,  pursuant  to  section  303':). 
to  determine  whether  the  State  water 
quality  standards  are  consistent 
the  goals  of  the  Act.  including  a 
detemination  of  whether  State- 
established  erttena  en  adequate  ’o 
support  a  designated  use. 

Criteria  for  the  Protection  cf  .\quEtic 
Life 

Interpretation  cf  ire  Criteria 

The  aquatic  life  enterta  issued  todey 
are  summarized  in  Appendix  A  of  this 
Federal  Regi.sler  notice.  Criteria  have 
been  fonnulated  by  applying  a  set  cf 
Guidelines  to  a  data  base  for  each 
pollutant.  The  critena  for  the  protection 
of  aquatic  life  specify  pollutant 
concentrations  which,  if  not  exceeded, 
should  protect  most,  but  not  necessar.iy 
all.  aquatic  life  and  its  uses.  The 
Guidelines  specify  that  criteria  should 
be  baaed  on  an  array  of  data  from 
organisms,  both  plant  and  animal, 
occupying  various  trophic  levels.  Based 
on  these  data,  criteria  can  be  derived 
which  should  be  adequate  to  protect  the 
types  of  organisms  necessary  to  support 
an  aquatic  community. 

The  Guidelines  are  not  designed  t'- 
derive  criteria  which  will  protect  a.!  '..le 
stages  of  all  species  under  ail 
conditions  Generally  some  life  stare  of 
one  or  more  tested  species,  and 
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probably  some  untested  species,  will 
have  sensitivities  below  the  maximum 
value  or  the  24-hour  average  under  some 
conditions  and  would  be  adversely 
affected  if  the  highest  allowable 
pollutant  concentrations  and  the  worst 
conditions  existed  for  a  long  time.  In 
actual  practice,  such  a  situation  is  not 
likely  to  occur  and  thus  the  aquatic 
community  as  a  whole  will  normally  be 
protected  if  the  criteria  are  not 
exceeded.  In  any  aquatic  community 
there  is  a  wide  range  of  Individual 
species  sensitivities  to  the  effects  of 
toxic  poUuUnU.  A  criterion  adequate  to 
protect  the  most  susceptible  life  stage  of 
the  most  sensitive  species  would  in 
many  cases  be  more  stringent  than 
necessary  to  protect  the  overall  aquatic 
community. 

The  aquatic  life  criteria  specify  both 
maximum  and  24-hour  average  values. 
The  combination  of  the  two  values  is 
designed  to  provide  adequate  protection 
of  aquatic  life  and  its  uses  from  acute 
and  chronic  toxicity  and 
bioconcentration  without  being  as 
restrictive  as  a  one-number  criterion 
would  have  to  be  to  provide  the  same 
amount  Of  protection.  A  time  period  of 
24  hours  was  chosen  in  order  to  ensure 
that  concentrations  not  reach  harmful 
levels  for  unacceptably  long  periods. 
Averaging  for  longer  periods,  such  as  a 
week  or  a  month  for  example,  could 
permit  high  concentrations  to  persist 
long  enough  to  produce  significant 
adverse  effects.  A  24-hour  period  was 
chosen  instead  of  a  slightly  longer  or 
shorter  period  in  recognition  of  daily 
fluctuations  in  waste  discharges  and  of 
the  influence  of  daily  cycles  of  sunlight 
and  darkness  and  temperature  on  both 
pollutants  and  aquaoc  organisms. 

The  maximum  value,  which  is  derived 
from  acute  toxicity  data,  prevents 
*  significant  risk  of  adverse  impact  to 
organisms  exposed  to  concentrations 
above  the  24-hour  average.  Merely 
specifying  the  average  value  over  a 
specified  rime  period  is  insufficient 
because  concentrations  of  chemicals 
higher  than  the  average  value  can  kill  or 
cause  irreparable  damage  in  short 
penods.  Furthermore,  for  some 
chemicals  the  effect  of  intermittent  high 
exposures  is  cumulative,  ll  is  therefore 
necessary  to  place  an  upper  limit  on 
pollutant  concentrations  to  which 
aquai'.c  organisms  might  be  exposed. 

The  two-number  criterion  is  intended  to 
describe  the  highest  average  ambient 
"a'er  ccncer.traiion  which  will  produce 
a  waier  quali’v  generally  suited  to  the 
r.i  r.tenar.ce  of  aquatic  life  while 

the  extent  and  duration,  cf  the 
fwer  that  a'.erat?  tc  levels 
net  lause  ha.—r.  Th^  n-'; 


way  to  assure  the  same  degree  of 
protection  with  a  one-number  criterion 
would  be  to  use  the  24-hour  average  as  a 
concentration  that  is  not  to  be  exceeded 
at  any  time  in  any  place. 

Sinca  some  substances  may  be  more 
toxic  in  freshwater  than  in  saltwater,  or 
vice  vena,  provision  Is  made  for 
deriving  separate  water  quality  criteria 
for  freshwater  and  for  saltwater  for  each 
■ubstance.  However,  for  some 
substances  sufficient  data  may  not  be 
available  to  derive  one  or  both  of  these 
criteria  using  the  Guidelines. 

Specific  aquatic  life  criteria  have  not 
been  developed  for  all  of  the  65  toxic 
pollutants.  In  those  cases  where  there 
were  insufficient  data  to  allow  the 
derivation  of  a  criterion,  narrative 
descriptions  of  apparent  threshold  levels 
for  acute  and/or  chronic  effects  based 
on  the  available  data  are  presented. 
These  descriptions  are  intended  to 
convey  a  sense  of  the  degree  of  toxicity 
of  the  pollutant  in  the  absence  of  a 
criterion  recommendation. 

Summary  of  the  Aquatic  Life  Guidelines 

The  Guidelines  for  Deriving  Water 
Quality  Criteria  for  the  Protection  of 
Aquatic  Life  and  its  Uses  were 
developed  to  describe  an  objective, 
internally  consistent  and  appropriate 
way  of  ensuring  that  water  qualify 
enteria  for  aquatic  life  would  provide, 
on  the  average,  a  reasonable  amount  of 
protection  without  an  unreasonable 
amount  of  overprolection  or 
underprotection.  The  resulting  criteria 
are  not  intended  to  provide  ICO  percent 
protection  of  all  species  and  all  uses  of 
aquatic  life  all  of  the  time,  but  they  are 
intended  to  protect  most  species  in  a 
balanced,  healthy  aquatic  community. 
The  Guidelines  are  published  as 
Appendix  B  of  this  Notice.  Responses  to 
public  comments  on  these  Guidelines 
are  attached  as  Appendix  D. 

Minimum  data  requirements  are 
identified  in  four  areas;  acute  toxjdty  to 
animals  (eight  data  points),  chronic 
foxjcity  to  a.nimals  (three  data  points), 
toxicity  to  plants,  and  residues. 

Guidance  is  also  given  for  discarding 
poor  quality  data. 

Data  on  acute  toxicity  are  needed  for 
a  variety  of  fish  and  invertebrate 
species  and  are  used  to  derive  a  Final 
Acute  Value.  By  taking  into  account  the 
number  and  relative  sensitivities  of  the 
tested  species,  the  Final  Acute  Value  is 
designed  to  protect  most,  but  not 
necessarily  all.  of  the  tested  and 
untested  species. 

Data  on  chrome  toxicity  to  animals 
ca.T  be  used  lo  derive  a  Final  Chrome' 
Value  by  two  different  means  if  chren.c 
vai'jes  are  available  for  a  scecl.^  ed 
r..;.T!bcr  and  array  o:  a  . 


chronic  value  can  be  calculated  directly. 
If  not  an  acute-chronic  ratio  is  derived 
and  then  used  with  the  Final  Acute 
Value  to  obtain  the  Final  Chronic  Value. 

The  Final  Plant  Value  is  obtained  by 
selecting  the  lowest  plant  toxicity  value 
based  on  measured  concentrations. 

The  Final  Residue  Value  is  intended 
to  protect  wildlife  which  consume 
aquatic  organisms  and  the  marketability 
of  aquatic  organisms.  Protection  of  the 
marketability  of  aquatic  organisms  is.  in 
actuality,  protection  of  a  use  of  that 
water  body  ("commercial  fishery").  Two 
kinds  of  data  are  necessary  to  calculate 
the  Final  Residue  Value;  a 
bioconcentration  factor  (BCF)  and  a 
maximum  permissible  tissue 
concentration,  which  can  be  an  FDA 
action  level  or  can  be  the  result  of  a 
chronic  wildlife  feeding  study.  For  lipid 
soluble  pollutants,  the  BCF  is 
normalized  for  percent  lipids  and  then 
the  Final  Residue  Value  is  calculated  by 
dividing  the  maximum  permissible 
tissue  concentration  by  the  normalized 
BCF  and  by  an  appropriate  percent  lipid 
value.  BCFs  are  normalized  for  percent 
lipids  since  the  BCF  measured  for  any 
individual  aquatic  species  is  generally 
proportional  to  the  percent  lipids  in  that 
species. 

If  sufficient  data  are  available  to 
demonstrate  that  one  or  more  of  the 
final  values  should  be  related  to  a  water 
quality  characteristic,  such  as  saliruty. 
hardness,  or  suspended  solids,  the  final 
value(s)  are  expressed  as  a  function  of 
that  characteristic. 

After  the  four  final  values  (Final 
.^cute  Value.  Final  Chronic  Value.  Final 
Plant  Value,  and  Final  Residue  V'aluej 
have  been  obtained,  the  criterion  is 
established  with  the  Final  Acute  Value 
becoming  the  maximum  value  and  the 
lowest  of  the  other  three  values 
becoming  the  24-hour  average  value.  All 
of  the  data  used  to  calculate  the  four 
final  values  and  any  additional  pertinent 
information  are  then  reviewed  to 
determine  if  the  criterion  is  reasonable. 

If  sound  scientific  evidence  indicates 
that  the  criterion  should  be  raised  or 
lowered,  appropriate  changes  are  made 
as  necessary. 

The  present  Guidelines  have  been 
revised  from  the  earlier  published 
versions  (43  FR  21506.  Mav  18. 1978;  43 
FR  29028.  july  5.  1978:  44  FR  15S26. 

March  15. 1979).  Details  have  been 
added  in  many  places  and  the  concept 
of  a  minimum  data  base  has  beer, 
incorporated.  In  addition,  three 
adiiisunent  factors  and  the  species 
sensitivity  factor  have  been  deleted 
T.hese  .modifications  were  the  result  cf 
the  .Agency's  analysis  of  public 
ccmme.r’s  and  co.mmerts  ‘eceivec  f"-— , 
i.re  i-cierCE  .Ac.  iscry  Ecarc  or.  e^i.a  • 
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versions  of  the  Guidelines.  These 
comments  and  the  Resultant 
.modifications  are  addressed  htliy  in 
.Appendix  D  to  this  notice. 

Criteria  for  the  Protection  of  Human 
Health 

Interpntation  cf  the  Human  Health 
Critmria 

The  human  health  criteria  issued 
today  are  summarized  in  Appendix  A  of 
this  Federal  Register  notice.  Criteria  for 
the  protection  of  human  health  are 
presented  for  B2  of  the  65  pollutants 
bated  on  their  carcinogenic,  toxic,  or 
organoleptic  (taste  and  odor)  properties. 
The  meanings  and  practical  uses  of  the 
criteria  values  are  distinctly  different 
depending  on  the  properties  on  which 
they  are  based. 

llie  objective  of  the  health 
assessment  portions  of  the  criteria 
documents  it  to  estimate  ambient  water 
concentrations  which,  in  the  cate  of 
non>carcinogens.  prevent  adverse  health 
effects  in  humans,  and  in  the  case  of 
suspect  or  proven  carcinogens,  represent 
various  levels  of  incremental  cancer 
risk. 

Health  assessments  tj'pically  contain 
discussions  of  four  elements:  Exposure, 
pharmacokinetics,  toxic  effects,  and 
criterion  forzuilatioa 

The  exposure  section  summarizes 
irdormaticn  on  exposure  routes: 
ingestion  directly  from  water,  indirectly 
from  consumption  of  aquatic  organisms 
found  in  ambient  water,  other  dietary 
sources,  inhalation,  and  dermal. contact. 
Exposure  assumptions  are  used  to 
derive  human  health  criteria.  Most 
criteria  are  based  solely  on  exposure 
from  consumption  of  water  containing  a 
specified  concentration  of  a  toxic 
pollutant  and  throug.S  cc-nsumption  of 
aquabc  organisms  which  are  cssumed  to 
heve  biocoDcentrated  pollutants  from 
the  water  in  which  they  live.  Other 
multimedia  routes  of  exposure  such  as 
air.  non-aquatic  diet,  or  derma!  are  not 
factored  into  the  enterion  formulation 
for  the  vast  majority  of  pollutants  doe  to 
lack  of  data.  The  criteria  are  calculated 
using  the  combined  aquatic  exposure 
pathway  and  also  using  the  aquatic 
organism  ingestion  exposure  route 
alone.  In  criteria  reflecting  both  the 
water  cenaumption  and  aquatic 
organism  ingestion  routes  of  exposure, 
the  relative  exposure  contribudos  varies 
with  the  proper.slty  of  a  pollutant  to 
bioconcentrate.  with  the  consumption  of 
aquatic  organisms  becoming  more 
important  as  the  bioconcentration  factor 
(BCF)  increases.  As  additional 
information  on  total  exposure  is 
assembled  for  pollutants  for  which 
critena  reflect  only  the  two  specified 


aquatic  exposure  routes,  adjustments  in 
water  concentration  values  may  be 
made  The  Agency  intends  to  publish 
guidance  which  will  permit  the  States  to 
identify  significantly  different  exposure 
patterns  for  their  populations.  If 
warranted  by  the  demonstration  of 
significantly  different  exposure  patterns, 
this  will  become  an  element  of  a  process 
to  adapt/modify  human  healtb>based 
criteria  to  local  conditions,  somewhat 
analogous  to  the  aquatic  life  criteria 
modification  process  discussed 
previously.  It  is  anticipated  that  States 
at  their  discretion  will  be  able  to  set 
appropriate  human  health  criteria  bated 
on  this  process. 

The  pharmacokinetics  section  reviews 
data  on  absorption,  distribution, 
metabolism,  and  excretion  to  assess  the 
biochemical  fate  of  the  compounds  in 
the  human  and  animal  system.  The  toxic 
effects  section  reviews  data  on  acute, 
subacute,  and  chronic  toxicity, 
s)’nergistiC'aDd  antagonistic  effects,  and 
■peciDc  information  on  mutagenicity, 
teratogenicity,  and  carcinogenicity. 

From  this  review,  the  toxic  effect  to  be 
protected  against  is  identified  taking 
Into  account  the  quality,  quantity,  and 
weight  of  evidence  characteristic  of  the 
data.  The  criterion  fcnnulabon  section 
reviews  the  highlights  of  the  text  and 
specifies  a  rationale  for  criterion 
development  end  the  mathematical 
derivation  of  the  criterion  number. 

Within  the  limitations  of  time  and 
resources,  current  published  information 
of  significance  was  incorporated  into  the 
human  health  assessments.  Review 
articles  and  reports  were  used  for  data 
evaluation  end  synthesis.  Scientific 
judgment  was  exercised  in  reviewing 
end  evaluating  the  data  in  each  criteria 
document  end  in  identif>ing  the  adverse 
effects  for  which  protective  criteria  were 
published. 

Specific  healtb>based  criteria  are 
developed  only  if  a  weight  of  evidence 
supports  the  occurrence  of  the  toxic 
effect  and  if  dose/response  data  exist 
from  which  criteria  can  be  estimated. 

Criteria  for  suspect  or  proven 
carcinogens  are  presented  as 
concentrations  in  water  associated  with 
a  range  of  incremental  cancer  risks  to 
man.  Criteria  for  non-cardnogens 
represent  levels  at  which  exposure  to  ■ 
si^le  chemical  is  not  anticipated  to 
produce  adverse  effects  in  man.  In  a  few 
cases,  organoleptic  (taste  and  odor)  data 
form  the  basis  for  the  criterion.  While 
this  type  of  criterion  does  not  represent 
a  value  which  directly  affects  human 
health,  it  is  presented  as  an  estimate  cf 
the  level  of  a  pollutant  that  will  not 
produce  unpleasant  taste  or  odor  either 
directly  from  water  consumption  c' 
indirectly  by  consumpUon  of  aquatic 


organisms  found  in  a.T.bier.t  waters  .A 
criterion  developed  in  l};.s  ."•.a.nrcr  -s 
judged  to  be  as  useful  as  ether  types  c! 
criteria  in  protecting  designated  water 
uses.  In  addition,  where  data  are 
available,  toxicity-based  criteria  are 
also  presented  for  pollutants  with 
derived  organoleptic  criteria.  The  choic 
of  criteria  used  in  water  quality 
standards  for  these  pollutants  will 
depend  upon  the  designated  use  to  be 
protected.  In  the  case  of  a  multiple  use 
water  body,  the  criterion  protecting  the 
roost  sensitive  use  will  be  appLed. 
Finally,  for  several  peliular.ts  no  criterii 
are  recommended  due  to  a  lack  of 
information  sofficient  for  quantitative 
criterion  formulation. 

Risk  Extrapolation 

Because  methods  do  not  now  e.xist  to 
establish  the  pretence  of  a  threshold  for 
carcinogenic  effects.  EP.A's  policy  is  tha 
there  is  no  scientific  basis  for  estimating 
"safe"  levels  for  carcinogens.  The 
criteria  for  carcinoeent.  therefore,  state 
that  the  recemmended  concentration  for 
maximum  protection  of  human  health  is 
zero.  In  additioa  the  .Agency  has 
presented  a  range  of  concentrations 
corresponding  to  increment;!  ca.ncer 
risks  of  10*’ to  10* ‘(one  additional  case 
of  cancer  in  populations  ranging  Irom 
ten  million  to  ICO.OOOi  respectivoly). 
Otlier  concentrations  repress,  ctir.s 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines.  The  risk 
estimate  range  is  presented  for 
informetion  purposes  and  does  nci 
represent  an  Agency  judgment  cn.a.n 
■■acceptable"  risk  level. 

Summary  of  the  Hunan  Hec'th 
Guidelines 

The  health  assessments  and 
corresponding  criieria  published  teday 
were  derived  based  on  Guidelines -and 
Methodology  Used  in  U'le  Prsparatior.  of 
Health  Effect  Assessment  Chapters  cf 
the  Consent  Decree  Water  Criirria 
Documents  (the  Cuidelincsj  developed 
by  EPA^s  Office  of  Reserch  and 
Development.  Tne  estjnation  of  haaith 
risks  associated  with  human  e.'cpcsure  to 
environments!  pollutants  requL*es 
predicting  the  effect  of  low  dear*  for  up 
to  a  lifetime  in  duration.  .A  combination 
of  epidemiological  and  animal  dc  se/ 
response  data  is  considered  the 
preferred  basis  for  quentitative  crite.-ion 
derivation.  The  complete  Guidelines  are 
presented  as  Appendix  C.  Major  issues 
associated  with  these  Guidelines  end 
responses  to  public  co.mments  are 
presented  as  Appendix  E 

No-tffec!  (non-carcinegenj  or 
specified  risk  (cardnegen] 
concentrations  we.'e  estimated  b; 
extrapclabon  frem  anina!  toxicity  or 
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human  epidemiology',  studies  using  the 
following  basic  exposure  asaumptions;  a 
70-kiiogram  male  person  [Report  of  the 
Task  Croup  on  Reference  Man, 
International  Commission  for  Radiation 
Protection.  November  23. 1957)  at  the 
exposed  individual:  the  average  daily 
consumption  of  freshwater  and 
estuarine  fish  and  thellfith  products 
equal  to  6.S  grams/day;  and  the  average 
ingestion  of  two  liters/day  of  water 
[Drinking  Water  and  Health.  National 
Academy  of  Sciences.  National 
Research  Council  1977).  Criteria  based 
on  these  assumptions  are  estimated  to 
be  protective  of  an  adult  male  who 
experiences  average  exposure 
conditions. 

Two  basic  methods  were  used  to 
formulate  health  criteria,  depending  on 
whether  the  prominent  adverse  e0ect 
was  cancer  or  ofher  toxic 
manifestations.  The  following  sections 
detail  these  methods. 

Carcinogens 

Extrapolation  of  cancer  responses 
from  high  to  low  doses  and  subsequent 
risk  estimation  from  animal  data  is 
performed  using  a  linearized  multi-stage 
model  This  procedure  is  flexible  enough 
to  fit  all  monotonically-increasing  dose 
response  data,  since  it  incorporates 
several  adjustable  parameters.  The 
multi-stage  model  is  a  linear  non- 
threshold  model  as  was  the  “one-hit” 
model  originally  used  in  the  proposed 
enteria  docume.nts.  The  linearized  multi¬ 
stage  model  and  its  characteristics  are 
described  fully  in  Appendix  C.  The 
linear  non-threshold  concept  has  been 
endorsed  by  the  four  agencies  in  the 
Interagency  Regulatory  Liaison  Group 
and  IS  less  likely  to  underestimate  risk 
at  the  low  doses  typical  of 
environmental  exposure  than  other 
models  that  could  be  used.  Because  of 
the  uncertainties  associated  with  dose 
response,  animal-to-human 
extrapolation  and  other  unknown 
factors,  because  of  the  use  of  average 
e.xposure  assumptions,  and  because  of 
the  serious  public  health  consequences 
that  could  result  if  risk  were 
underestimated.  EPA  believes  that  it  is 
prudent  to  use  conservative  methods  to 
estimate  risk  in  the  water  quality 
criteria  program.  The  linearized 
multistage  model  is  more  systematic  and 
invokes  fewer  arbitrary  assumptions 
than  the  "one-hit"  procedure  previously 
used. 

It  shculd  be  noted  that  extrapolation 
models  provide  estimates  of  risk  since  a 
va'iie;.  cf  assumptions  are  built  into  any 
m.ocr.  Moce.s  jsi.nj  wide:;,  differe.it 
assumot.cns  may  produce  estimaies 
z  rr  * 

“  r.-'.  ‘..c?  S.r.ce  .“j 


way  to  demonstrate  the  scientific 
validity  of  any  model  the  use  of  risk 
extrapolation  models  is  a  subject  of 
debate  in  the  scientific  community. 
However,  risk  extrapolation  is  generally 
recognized  as  the  only  tool  available  at 
this  time  for  estimating  the  magnitude  of 
health  hazards  associated  with  non¬ 
threshold  toxicants  and  has  been 
endorsed  by  numerous  Federal  agencies 
and  scientific  organizations,  including 
EPA's  Carcinogen  Assessment  Croup, 
the  National  Academy  of  Sciences,  end 
the  Interagency  Regulatory  Liaison 
Qroup  as  a  useful  means  of  assessing 
the  risks  of  exposure  to  various 
carcinogenic-poilutants. 

Non-Carcinogens 

Health  criteria  based  on  to.xic  effects 
of  pollutants  other  than  carcinogenicity 
are  estimates  of  concentrations  which 
are  not  e.xpected  to  produce  adverse 
effects  in  humans.  They  are  based  upon 
Acceptable  Daily  intake  tADf)  levels 
and  are  generally  derived  using  no- 
observed-adverse-effcct-level  (NOAEL). 
data  fi-om  animal  studies  although 
human  data  are  used  wherever 
available.  The  ADI  is  calculated  using 
safety  factors  to  account  for 
uncertainties  inherent  in  extrapolation 
from  animal  to  man.  la  accordance  with 
the  .National  Research  Council 
recommendations  (Drinking  Water  and 
Health,  National  Academy  of  Sciences. 
National  Research  Council.  1977).  safety 
factors  of  10. 100.  or  1.000  are  used 
depending  on  the  quality  and  quantity  of 
data.  In  some  instances  extrapolations 
are  made  from  inhalation  studies  or 
limits  to  approximate  a  human  response 
from  ingestion  using  the  Stokinger- 
Woodward  model  [Joumal  of  American 
Water  Works  Association.  1956). 
Calculations  of  criteria  from  ADIs  are 
made  using  the  standard  exposure 
assumptions  (2  liters  of  water.  6.5  grams 
of  edible  aquatic  products,  and  an 
average  body  weight  of  70  kg). 

Dated:  October  24. 1360. 

Douglas  .M.  Costle. 

Administrator. 

Appendix  A— Summary  of  Water 
Quality  Criteria 

Acenaphthene 

Freshwater  Aquatic  Life 

The  available  data  for  acenaphthene 
indicate  that  acute  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  1,700  and  would  occur  at 
lowe.'  concentrations  among  species 
ihar  are  more  5er.s;ti\e  than  those 
tested.  .No  oata  are  available  ccncerr.-,."'.; 
the  c.hrcnic  ;.ox:c;'v  cf  acer.aoh-he'-.e  ‘o 
Sf  j.ttic  .'resr.v.  ate.'  aquatic 


toxicity  to  freshwater  algae  occur  at 
concentrations  as  low  as  520 

Saltwater  Aquatic  Life 

The  available  data  for  acenaphthene 
indicate  that  acute  and  chronic  toxicity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  970  and  710 
fig/l  respectively,  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  Toxicity  to  algae  occurs  at 
concentrations  as  losv  as  500  pgH- 

Human  Health 

Sufficient  data  is  not  available  for 
acenaphthene  to  derive  a  level  which 
would  protect  against  the  potential 
toxicity  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  20  fig/l.  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Acrolein 

Freshwater  Aquatic  Life 

The  available  data  for  acrolein 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occurs  at 
conce.ntrations  as  low  as  66  and  21  ug.'l. 
respectively,  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Li^e 

The  available  data  for  acrolem 
indicate  that  acute  toxicity  :o  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  as  55  ng/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  .No 
data  are  available  concerning  the 
chronic  toxicity  of  acrolein  to  sensitive 
saltwater  aquatic  life. 

Human  Health 

For  the  protection  of  human  heaith 
from  the  toxic  properties  of  acrciem 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  320  ^g/1. 

For  the  protection  of  human  heaith 
from  the  toxic  properties  of  acrolein 
ingested  through  contaminated  aq  ja-.ic 
organisms  alone,  the  ambient  water 
cr.terion  is  determined  to  be  790  a;  1 

Acrylonitrile 

Fres.hwater  .■\cjc::c  L.  -'e 

The  availab.e  data  fo"  ac-x  h.  n.T  .e 
'nc'-Cdie  that  ccu’e  m  Ires-.'x 

r  3  ^  o  t .  c  * ' !  C'  c  c  c  - F  o !  I  r.  r  t  r .  *  r  -  ’ .  1 i 
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tow  at  7.550  fig/l  and  would  occur  at 
lower  concentrabons  among  ipeaes 
that  are  more  teniitrve  than  those 
tested.  No  defudbve  data  are  available 
Concerning  the  chronic  toxicity  of 
acrylonitrUe  to  aensibve  freshwater 
aquatic  life  but  mortality  occur*  at 
concentrations  as  low  as  Z.BOO  fsg/1  with 
a  Hah  species  exposed  for  30  days. 

Saltwater  Aquatic  Life 

Only  one  saltwater  species  has  been 
tested  with  acrylonitrile  and  no 
statement  can  be  made  concerning  acute 
or  chronic  toxicity. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  acrylonitrile 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non*thresbold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*.  10"*,  and  10"’.  The 
corresponding  criteria  are  .56  pg/l.  .056 
pg/1  and  .006  pg/l.  respectively.  If  the 
above  estimates  are  made  for. 
consumption  oF aquatic  organisms  only, 
excluding  consumption  of  wafer,  the 
levels  are  6.5  pg/1,  .65  ^g/l  and  i)65  jig/ 
L  respectively.  Other  concentrations 
representing  dirierent  risk  levels  may  be 
c^culated  by  use  of  the  Cuidelinev  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
■'acceptable"  risk  level 

Aldrin-Dieldiin 

Dieldria  -  -  -  '  •  '  .* 

Freshwater  A qva tic  Life 

For  dieldrin  the  criterion  to  protect 
fresh  water  aquatic  life  as  derived  using 
the  Guidelines  is  0.0019  pg/'l  as  a  24- 
hoar  average  and  the  concentration 
shcntld  not  exceed  IS  pg/1  at  any  time. 

Saltwater  Aquatic  Life . 

For  dieldrin  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  using  ’ 
the  Guidelinet  is  0.0016  pg/l  as  a  24- 
hour  average  and  the  concentration 
should  not  exceed  0.71  pg/I  at  any  .time. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  dieldrin  _ 
through  ingestion  of  contaminated  water 
and  containinaLed  aquatic  organisms, 
the  ambient  water  ooncentxation  should 
be  ze.*o  based  on  the  non-ihreshold 


assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*.  10"*.  and  10"’.  The 
correiponding  criteria  are  ng/L  .071 
ngA.  and  iX>71  ngA>  respectively.  If  the 
above  estimates  are  made  for 
'consumptioni>f  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  .76  ngA.  .076  ngA  end  .0076 
ng/1  respectively.  Other  concentrations 
representing  diRerent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable”  risk  level 

Aldrin 

Freshwater  Aquatic  Life  _  ' 

For  freshwater  aquatic  life  the 
concentration  of  aldrin  should  not 
exceed  3.0  pgA  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
of  aldrin  to  sensitive  freshwater  aquatic 
life. 

Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the 
concentration  of  aldrin  should  not 
exceed  15  ng/l  at  any  time.  No  data  are 
available  concerning  the  chronic  toxicity 
.  of  aldrin  to  sensitive  saltwater  aquatic 
life. 

Human  Health  .  ... 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  aldrin  through 
ingestion  of  contaminated  water  and 
contaminated  aquatic  oiganisms.  the 
ambient  water  concentration  should  be 
zero  based  on  the  noo-threshoid 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremchta!  increase  of  * 
cancer  risk  over  the  lifetime  are 
estimated  at  ICT*.  10"*.  and  IIT’.  The 
correspondiitg  criteria  are  .74  ng/l.  .074 
rtg/l,  and  .0074  ng/l,  respectively.  If  the 
above  estimates  are  made  for 
consum;>tion  of  aquatic  organisms  only, 
exclucSn'g  consumption  of  water,  the 
levels  are  ng/l.  JJT9  ng/l.  and .0079 
ng/l  respectively.  Other  concentrations 
respresenting  different  risk  levels  may 
be  calculated  by  use  of  the  Guidelines. 
The  risk  estimate  range  is  presented  for 
information  purposes  aod  does  not 
represent  an  Agency  jodgmecl  on  an  . 
■'acceptable"  nsk  level 


Antimony 

Freshwater  Aquatic  Life 

The  available  data  lor  antimony 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occur  at 
concentrations  as  low  as  0.000  and  1.6C0 
ug/L  respectively,  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitix-e  than  those 
tested  Toxidty  to  algae  occurs  et 
concentrations  as  low  as  610  >ig/L 

Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
adequately  tested  with  antimony,  and 
no  atatement  can  be  made  concerning 
acute  or  chronic  toxidty. 

Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of  antimony 
ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  146  ug/L 

For  tne  protection  of  human  health 
from  the  toxic  properties  of  antimony 
ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  45.000  pgA. 

Arsenic 

Freshwater  Aquatic  Life 

-For  freshwater  aquatic  life  the 
concentration  of  total  recoverable 
trivalent  inorganic  arsenic  should  not 
exceed  440  pg/1  at  any  time.  Short-term 
’  eRects  on  embryos  and  larvae  of  aquatic 
vertebrate  spedes  have  been  shown  to 
occur  at  concentrations  as  low  as  40  ^g/ 
1. 

Saltwater  Aquatic  Life 

The  available  data  for  total 
recoverable  trivalent  Inorganic  arsenic 
Indicate  that  acute  toxidty  to  saltwater 
aquatic  bfe  occurs  at  concentrations  as 
low  as  5p6  pgA  and  would  occur  at 
lower  concentrations  among  spedes 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicirj-  of  trivalent 
inorganic  arsenic  to  sensitive  saltwater 
aquatic  life. 

Human  Health 

For  .the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  arsenic 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
Biiumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  nsk  over  the  Ufetime  are 
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estimated  at  10**.  10'*,  and  10~*.  The 
corresponding  criteria  are  22  ng/L  2.2 
ng/L  and  .22  ng/L  respectively.  If  the 
above  estimates  are  made  for 
consiunption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  ITS  ng/L  17 JS  ng/L  and  1.T5 
ng/L  respectively.  Other  concentrations 
representing  different  risk  levels  iMy  be 
calculated  by  use  of  the  Guidelines-  Ihe 
risk  estimate  range  is  presented  for  -  ^ 
information  purposes  and  does  not  '  ' 
represent  an  Agency  Judgment  on  an 
“acceptable"  risk  level  -  - .  . 

Asbestos  ~  ^  - 

Freshwater  Aquatic  Life 

No  freshwater  organisms  have  been 
testeT'with  any  asbntiform  mineral  and 
no  statement  can  be  made  concerning 
acute  or  chronic  toxicity.  .  .y-- 

Saltwater  Aquatic  Life  ' 

No  saltwater  organisms  have  been  - 
tested  with  any  asbestiform  mineral  and  _ 
no  statement  can  be  made  concerning 
acute  or  chronic  toxicity. 

fiumcn  Health  '  *  ’  . 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  asbestos  ?  -  *  • 
through  ingestion  of  contamlnate'd  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  shouIdT  ' 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  There.^cre.  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  lO'MO"*,  and  10*’.  The 
corresponding  criteria  are  300.000 
fibers/1.30.000  Ebers/1.  and  3JXJ0  fibers/ 

1.  respectively.  Other  concentrations 
representing  different  risk  levels  may  be  . 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for  '  ^ 
information  purposes  and  does  not  ,  7., 
represent  an  Agency  judgment  on  an  .  . 

■‘acceptable’’ nsk  level 


low  as  5.100  /ig/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensttive-tban  those 
tested.  No  definitive  data  are  available 
conceming-the  chronic  toxicity  of 
benzene  to  sensitive  saltwater  aquatic 
life,  but  adverse  effects  occur  at 
concentrations  as  low  as  700  pg/1  with  a 
fish  species  exposed  tor  1B8  days.  ^ 

Human  Health 

'  Tor  the  maximum  protection  of  human 
health  from  the  potential  carcinogemc 
-  effects  due  to  exposure  of  benzene 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the  . 
present  time.  Therefore,  the  levels  which 
may  result  in  Incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10**.  ld“*.  and  10*’.  The 
corresponding  criteria  are  d.8  ms/L  -BO 
pg/l  and  .068  jig/l  respectively.  If  the 
above  estimates  are  made  for  . 
consumption  of  aquatic  qrganisms  only, 
excluding  consumption  of  water,  the 
levels  are  400  pg/I,  40.0  pg/l  and  4.0  pgf 
I  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is'presented  for  '  *  . 
information  purposes  and  does  not 
represent  an  Agency  jodgment  on  an 
"acceptable"  risk  level  *  . 

Benzidine  ?  '  ’  ” 

Freshwater  Aquatic  Life  ^  ' 

The  available  data  for  benzidine 
indicate  that  acute  toxicity  to  freshwater 
aquatic  fife  occurs  at  concentrations  as' 
low  as  2.500  pg/1  and  wotdd  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxidty  of  benzidine  to 
sensitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life  '  .  - 


Benzene  '  •'  '  ^  "No  saltwater  organisms  have  been 

.  r  —  ■;  '  tested  with  benzidine  and  no  statement 

Fresh^ter  Aquatic  Life  ^  ^  .  can  be  made  concerning  acute  and 


The  available  data  for  benzene 
indicate  that  acute  toxicity  to  freshwater  ' 
aquatic  life  occurs  at  concentrations  as  - 
low  as  S.300  ^g/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested  So  data  are  available  cooceraing 
li-.e  chronic  toxicity  of  benzene  to 
sensitive  freshwater  aquatic  life. 

Soiiwcter  Aquatic  L^e 

The  available  data  for  be-nzene 

i.-.a;  acu'.e  texx;".-  saltwater 
l.fe  occ_-s  a:  ccr.cer.trai.or.s 


chronic  toxidty.  -  '  ^ 

HttmoTLHealth  ' ■  -  - 

For  the  maximum'protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  benzidine 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  conceotrahon  should 
be  zero  based  on  the  non-lhreshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  allainabie  at  the 
f  •esrr,;  lime.  Therefore  the  leveis  which 
.T.o>  in  .ncretner.’.a;  nnereast  of 


cancer  risk  over  the  lifetime  are 
estimated  at  10**.  10**.  and  10*’.  The 
corresponding  criteria  are  1.2  ng/1.  J.2 
ng/l,  and  Dl  ng/l;  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
exdudlng  consumption  of  water,  the 
levels  are  54  ng/l.  43  ng/l,  and  45  ng/ 

1,  respectively.  Other  concentrations  . 
representing  diHerent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  Is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  leveli 

Beryllium 

Freshwater  Aquatic  Life 

The  available  data  for  beryllium 
indicate  that  acute  and  chronic  toxicity 
to  freshwater  aquatic  life  occurs  at 
concentrations  as  low  as  130  and  5.3  pg/ 

L  respectively,  and  would  occur  at  lower 
concentrations  among  species  that  are 
moresensitive  than  those  tested. 

Hardness  has  a  substantial  effect  on 
acute  toxicity. 

Salt  water  Aquatic  Life  -  -  ' 

The  limited  saltwater  data  base 
available  for  beryllium  does  not  permit  , 
any  statement  concerning  acute  or 
chronic  toxicity.  , 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  beryllium 
through  ingestion  of-contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  wafer  concentration  should 
be  zero  based  on  the  non-threshold  _ 
assumption  for  this  chemicaL  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10**,  10**.  and  10*’.  The 
corresponding  criteria  are  37  ng/l.  3.7 
ng/l  and  .37  ng/l  respectively.  If  the 
above  estimates  are  made  for 
conrnimption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  641  ng/l  64.1  ng/l.  and  6.41 
ng/l  respectively.  Other  concentrations 
representing  difierent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
“acceptable  ”  risk  level. 

Cadmium 

Freshwater  Aquatic  Life 

For  total  recoverable  cadmium  the 
c.Tferion  (in  ms/')  to  protect  freshwate,- 
aquatic  life  as  derived  using  the 
Guidci.'nes  is  toe  nurr, erica.'  value  g:\  er. 
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than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of 
inorganic  seleoate  to  sensitive 
treshwaUr  aqoatie  life.  '  ' 

Saftwcter  Aquatic  Ltfr  .  " 

For  total  recoverable  inorganic  * ' 

.  selenite  the  criterion  to  protect  saltwater 
aquatic  life  as  derived  using  the 
Guidelines  is  54  >ig/l  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  410  >ig/l  at  any  time. 

No  data  are  avaOable  concerning  the 
toxicity  of  inorganic  selenale  to* 
saltwater  aquatic  life., 

Human  Health  -  '  '  ‘  '  '  • 

The  ambient  water  quality  criterion 
lor  selenium  is  recommended  to  be 
identical  to  the  existing  drinking  water 
standard  which  is  10  pg/L  Analysis  of 
the  toxic  effects  data  resulted  in  a 
calculated  level  which  is  protective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 

For  this  reason  a  selective  criterion 
based  on  exposure  solely  from. 

,  consumption  of  OkS  grams  of  aquatic  .  . 
organisms  was  oo.t  derived.. 

-  Silver  /“r  " 

Freshwater  Aquatic  Life  . 

For  freshwater  aquatic  life  the  ^  . 

concentration  (in  pg/1]  of  total  •  '  - 
recoverable  silver  should  not  exceed  the 
numerical  value  given  by  "ell.72(ln  :  ^ 
(hardnes5)-6.52)]"  at  any  time.  For  .  ” 
example,  at  harnesses  of  SO.  100,  200  _ 

mg/l  as  CaCOr  the  concentration  of 
totaJ  recoverable  silver  should  not  T  . 
exceed  1.2, 4.1.  and  13  pg/b  respectively, 
at  any  time.  The  available  data  indicate 
that  chronic  toxicity  to  freshwater 
aquatic  life  may  occur  at  concentraSeiis' ' 
as  low  as  ai2  pg/L  -  -  .  .  ^  . ,  ,  : , . 

•  Saltwater  Aquatic  Life  '  v  .--;  •  / 

For  saltwater  aquatic  Ule  the  -  "L  '■ 
concentration  of  total  recoverable  silver 
should  not  exceed  2J  pgA  at  any  time. 

No  data  are  available  concerning  the 
chronic  toxicity  of  ailvar  to  aensitive ' 
saltwater  aquatic  ,,  v  ' 

Human  Health 

The  ambient  water  quality  criterion  >?' 
for  silver  Is  recommended  to  be  ■ . 
identical  to  the  existing  drinking  water 
standard  which  b  50  pg/l.  Anaiysb  of 
the  toxic  ejects  data  resulted  in  a  ■ 
calculated  le%'el  which  u  protective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  orsanisms.  The  calculated  value 
i*  coTToarabte  to  the  present  standard. 


r 


r.  a  st  .ect; 
:n  »x7Ls_-'.  sc.t 


.1  cr.tcnc; 


conauraption  of  8-5  grams  of  aquatic 
organbms  was  not  derived. 

Tatrachloroethylane  .  .  .  ~ 

Freshwater  Aquatic  Life  ,  '  ; 

-  The  available  data  for 
tetrachloroethylene  Indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  Me  occur  at  concentrations  at 
low  at  5.280  and  840  pg/b  respectively, 
and  svould  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

^twater  Aquatic  Life  '  ■  _ 

The  available  data  for  '  '  ' 

.  tetrachloroethylene  indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
Ufa  occur  at  concentrations  low  as 
10.200  and  450  pg/b  respectively,  and 
would  occur  at  iowerconcentrations 
among  species  that  are  more  sensitive 
than  &ose  tested. 

-Human  Health  .  •  ‘ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
ejects  due  to  exposure  of 
tetrachloroethylene  through  ingestion  of 
contaminated  water  and  contaminated  - 
aquatic  organisms,  the  ambient  water 
■  concentration  should  be  zero  based  on 
the  non*threshold  assumption  for  this 

•  chemical  Hoxvevet,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10**,  10**, 

•  and  10*^.  The  corresponding  criteria  are 
8  pg/l.  .8  pg/l.  and  .06  pg/l.  respectively. 
If  the  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 

.  levels  are  88.5  pg/b  8.S5  pg/b  and  .88 
'  pg/b  respectively.  Other  concentrations 
.  representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
-risk  estimate  range  ia  presented  for  - . 

.  Information  purposes  and  does  hot  - 
represent  an  Agency  fudgmenf  on  an 
."acceptable’*  risk  leveL  . 

‘Tballiiun,  •" 

^  Freshwater  Aquatic  Life  • 

r  The  available  data  for  thaDium  '  '  ' 
indicate  that  acute  and  chronic  toxidty 
'  to  freshwater  aquatic  life  occur  at 
concentrations  as  low  as  1.^  and  40  ' 
ug/b  respectively,  and  would  occur  at 
'  lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  Toxicity  to  one  species  of  5sh 
occurs  at  concentrations  as  low  as  20 
pg/l  after  2.600  hours  of  exposure. 

Saltwater  Aquatic  Life 

Thp  available  data  fcr  thaHiu-m 
i.’'.C;Co;c  ti.al  acott  tnx.r.:;-,  to  5;.  It'.va!' 


aquatic  life  occurs  at  concentrations  as 
low  as  2.130  pg/l  and  would  occur  at 
lower  concentrsdoos  among  species 
that  are  more  senaidve  than  those 
.Jested.  No  data  are  available  concerning 
_the  chronic  toxicity  of  thallium  to 
sensitive  saltwater  aq'uatlc  life.  > 

Ht^an  Health 

■  For  the  protection  of  human  health 
'  from-the  toxic  properties  of  thallium 
.  ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  c^terion  b  determined  to 
be  13  pg/b  '  .  “ 

For  the  protection  of  hxunan  health 
from  the  toxic  properties  of  thallium 
Ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  48  pg/b 

Toluene  ' 

Freshwater  Aquatic  Life 

" .  The  available  data  for  toluene 
indicate  that  acute  toxicity  to  freshwater 
aquatic  life  occims  at  concentrations  as 
low  as  17,500  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  toluene  to 
sensitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

^The  available  data  for  toluene 
indicate  that  acute  and  chronic  toxicity 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  8.300  and  5.000 
pg/l.  respectively,  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested. 

Human  Health  *  - 

For  the  protection  of  human  health 
from  the  toxic  properties  of  toluene 
ingested  throu^  water  and 
contamin^ed  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  14.3  mg/l. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  toluene 
ingested  throu^  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  is  determined  to  be  424  mg/l. 

Toxaphbne  ""  ’ 

Freshwater  Aquatic  Life  . 

For  loxaphene  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.013  pg/1  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  1.6  pg/l  at  any  time. 

Saltwater  Aquatic  Life 

For  saltwater  aquatic  bfe  the 
conrentration  of  toxaphene  should  not 

e>.c.f-cd  0.0*0  at  any  time  No  data 
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undesirable  taste  and  odor  quaPity  of 
ambient  svater,  the  estimated  Jevd  is  0l3 
mg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
cstabliabing  a  water  quality  criterion 
have  lindtations  and  have  no 
demonstrated  ralabonahip  to  poteotia]  ■ 
adverse  human  health  effects.  ' 

Phthalaie  Esters 

Fnshwattr  Aquatic  Life  -  ‘ 

The  avaflable  data  for  phthalaie 
esters  indicete  that  acute  and  chronic 
toxicity  to  freshwater  aquatic  life  ocenr 
at  concentrations  as  low  as  940  and  3  . 
ug/b  respectively,  and  would  occur  at 
lower  concentrations  among  tpeciet  ,  - 
that  arc  more  sensitive  than  those 
tested.  •  -  .  -  . 

Saltwater  Aquatic  Life 

The  available  data  for  phthalaie 
esters  indicate  that  acute  toxidty  to 
saltwater  aquatic  life  ocean  at 
concentratiant  as  low  as  2944  pg/laxtd 
would  occur  at  bwer  concentrations 
among  species  that  are  more  sensitive 
than  ^ose  tested.  No  data  are  amilable 
concerning  the  chronic  toxicity  of 
phthalate  esters  to  senthn’e  saltwater 
aquatic  hie  bat  toxicitr  to  one  species  of 
-  algae  ocems  at  concentratioos  as  low  as 

•.  .<iv.  ■ 

Human  Health  ' 

For  the  protection  of  bamen  health  '' 

.  from  the  toxic  properties  of  diinethyl'  - 
phthalate  ingested  throagh  water  and 
contaminated  equadc  organisms,  the 
ambren!  water  criterion  is  determrad  to 
be  313  mp/l.  ~  ■ 

For  the  piolection  of  human  hea^b 
from  the  toxic  properties  of  dimethyl- 
pbthalate  ingested  through 
contaminated  aquatic  organisms  alone, 
the  ambient  water  criterion  is  '  ^ 
determined  to  be  2.9  g/1.  • 

For  the  protection  human' health ' 
from  the  toxk  properties  of  diethyl-  ; 
phthalate  ingested  through  water  and  ~ 
contaminated  aquatic -cHganirms.  the  ' ' 
ambient  water  criterion  is  determined  to 
be350ing/l. 

For  the  protecQon  of  homan  health  ' 
from  the  toxic  properties  of  diethyl-  ' 
phthalate  ingested  through  .  . 

contaminated  aquatic  organisms' alone! 
the  ambient  water  ertterkm  Is  ; 

determined  lo+e  tAg/h  ..  '  A 

For  the  protection  of  human  health 
from  the  toxic  properties  of  dibutyl- 
phdialste  ingested  through  water  and 
coniamiristed  aquatic  orgacisms.the 
ambient  water  criterion  is  determined  to 
be  34  mg.'i. 

For  the  protectron  of  human  health 
from  the  toxic  properties  of  dibutyl- 
phthalste  ingested  tnrougn 


contaminated  aquatic  organisms  alone, 
the  ambient  water  criterion  is 
determined  to  be  134  mg/l. 

For  the  protection  of  human  health 
from  the  toxic  properties  of  d)-2- 
ethylhexyl-phthalate  ingested  throu^ 
water  and  contamiBated  aquatic 
organisms,  the  ambient  water  criterion 
is  detannined  to  be  15  iqg/L 

For  the  protection  of  human  health 
.  from  the  toxic  properties  of  di-2- 
cthylhexyl-phthalate  ingested  through 
'  contaminated  aquatic  organisms  alone. , 
the  ambient  water  criterion  is  - 
determined  to  be  5D  mgA- 

PolychloiiBated  Biphenyls 

Freshwater  AquaBc  Life 

^Fbr  polychlorinated  biphenyls  the 
criterion  to  protect  freshwater  equetic 
life  as  derived  using  the  Guidelines  is 
0.014  pg/1  es  e  24-hour  average.  The 
available  date  indicate  that  acute 
toxicity  to  freshwater  aquatic  life 
probably  wiB  only  occur  at 
concentrations  above  2J>  pg/I  end  that 
the  24-hour  averege  should  provide 
adequate  protection  against  acate 
toxidty.  • 

Saltwater  Aquatic Ljye  ' 

•  For  potydiloriinied  biphenyls  the 
criterion  to  pretect  saltwater  aqtaric  life 
as  deriued  using  tiw  Coidelinef  it  0i)30 
^g/1  at  a  24-l»m  average.  The  available 
'  data  indicate  that  acute  toxidty  to 
'  saltwater  aquaSclife  probably  will  only 
occur  at  coaoeatrations  above  ID  pg/1 
and  that  the  24-hotB'  average  should  - 
provide  edequete  protection  against 
acute  toxicity.  V., 

Human  Healthy  .  - 

For  the  maximem  protection  of  human 
health  from  the^tential  carcinogenic 
effects  due  to  exposure  of  TCBs  through 
ingestion  of  contendnated  water  and 
contaminated  aqua 6c  organisms,  the 
ambient  water  concentration  should  be 
“zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 

'  zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  ieveh  ■which 
'  may  result  in  incremental  increase  of 
.  cancer  risk  over  the  lifetime  are 
estimated  at  and  a0~’.  The 

cofresponding  ezileria  are  -79  sg/1, 029. 
‘i-og/l.  and  J0079  ng/L  respectively.  If  the 
above  estimates  ere  made  for 
consumption  of  aquatic  organismaonly, 
exckidii^  consumption  of  water,  the 
leveb  arc  28  ag/L  X79  irg/l.  and  .0079 
ng/1.  resptectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  tbe  Cn>delines.  Tne 
risk  estimate  range  is  presented  for 
infonnaLioc  purposes  and  does  not 


represent  an  Agency  judgment  on  an 
•‘acceptable"  risk  level 

Polvnuclear  Aromatic  Hydrocarbons 
(PAHs) 

Freshwater  AquaticUfe 

Tbe  limited  freshwater  data  base 
available  for  polynuclear  aromatic 
hydrocarbons,  mostly  from  short-tern 
bioconcentration  studies  widi  two 
compoondi.  does  not  pemit  s  statement 
concerning  acute  or  cfaroidc  toxicity. 

Saltwater  Aquatic  Life 

The  available  data  for  polynuclear 
aromatic  hydrocarbons  inmate  that 
acute  toxicity  to  saltwater  aquatic  life 
occurs  at  concentrations  as  tow  as  300 
ug/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  Ko 
data  ere  available  concerning  the 
chronic  toxicity  cf  polynuclear  aromatic 
hydrocarbons  to  sensitive  saltwater 
aquatic  life. 

Htsrtaa  Health 

For  the  maximnm  pr.-tection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposcre  of  PAHs  throegh 
ingestion  of  contaminated  water  and 
contaminated  aqnatic  organisms,  tbe 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold 
assumprion  forThis  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  lex’els  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  bfetime  are 
estimated  BtlO“*,ltr*,  and  10"’. The 
corresponding  criteria  are  28  ngH.  2.8 
ng/L  and  28  ng/1,  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  311  ng/1, 312  ng/l.  and  3.11 
ng/l  respectively.  Other  concentrations 
representing  different  risk  levels  mey  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  no! 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level 

Selenium 

Freshwater  Aquatic  Life 

For  total  recoverable  inorganic 
selenite  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Guidelines  is  35  pg/l  as  a  24-honr 
average  and  the  concentration  should 
not  exceed  260  pg/]  at  any  time. 

The  available  data  for  inorganic 
selenate  indicate  that  acute  toxicity  to 
freshwater  aquatic  life  occurs  at 
concentrations  as  low  as  760  Hg/I  and 
would  occur  at  lower  concentrations 
among  species  that  are  mere  sensitis’e 
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Human  Health  ■ 

For  the  protection  of  human 

heal&from  the  potentlaJ  carcinogenic 
effects  due  to  exposure  of  d- 
.  nitrosodimethylanlBe  through  ingestion  * 
of  contaminated  water  and 
contaminated  a^atie  organisms,  the  - 
ambient  water  concentration  should  be 
sero  ^sed  on  the  non-threshold  j.  ; 
assumption  for  this  ehemicaJ.  However, 
xeto  level  may  not  be  attainable  at  the 
present  time.  Thenfoie.  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk,  over  tite  lifetimes  are  '  *  - 

estimated  at  lO**.  liT*.  and  liT*  The  . 
conesponding  -criteria  are  14  ogA  1-4 
eg  A  sod  .14  ngA  respectively.  If  the  . 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excludi^  consumption  of  water,  the 
levels  are  160.000  ngA  16.000  ngA  and 
1.600  ngA  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  wge 
Is  presented  for  information  purposes 
'  and  does  not  represent  an  Agency 
judgment  on  an  ‘‘acceptable'*  risk  level 

For  the  maximum  protection  of  human 
health  from  tha  potential  cardnogextic 
affects  due  to  expocure  of  n--  • .  „  • 

nitroaodiethylamine  through  hngestion  of  ^ 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  watu  .  - 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this  ~ 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risK  over 
the  lifetimes  are  estimated  at  10'*,  10~-*, 
and  10*1  The  corresponding  criteria  are 
8  ngA  0.6  ng/L  and  OUW  ng/L 
respectively.  If  the  above  estimates  are . 
made  for  consumption  of  aquatic  „  ; ' 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  12.400  ngA  U40 
ngA  and  124  ngA  respectively.  Other 
concentraticos  representing  different  ' 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes  ,  ' 
and  does  not  represent  an  Agency  * 
-judgment  on  an  "accepuble"  risk  level  ' 

For  the  maximum  protection  of  human  *: 
health  from  the  potential  carcin^nic  '  V' 
effects  doe  to  exposure  in'n-nitrosodi-D' 
butylamlne  through  ingestion  of  -  - '  ; 

contaminated  water  and  contaminated, 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 

Therefore  the  levels  wh:ch  may  resJt  in 
;r -re  —  r-T.’  increaee  of  car.ce:  risk,  over 
. .  ^ ,  ....  - ,  —  ....  -•  .  •  -  - 1  •  -  - « 

j.'.i  iC  l.he  ccrrespcnc..-.:  cr.ttrm  are 


64  ngA  6.4  ng/I  and  X64  ng A 
Kspectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  5.868  ngA<  567  . 
Bg/l  and  56.7  ngA  respectively.  Other 
coacentratioiu  representing  different 
risk  levels  may  be  calculated  by  use  of 
tire  Guidelines.  The  risk  estimate'  range 
Is  presented  for  Information  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  “acceptable”  risk  level 
.  For  the  maximum  protection  of  human 
beidA  from  the  potential  carcinogeitic 
•ffecte  due  to  exposure  in  n- 
nitrosodiphenylamine  through  ingestion 
of  contajzdnated  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  bated  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  In  Incremental  increase  of 
cancer  risk,  over  the  lifetimes  are 
estimated  at  10**.  10"*,  and  10'’.  The 
corresponding  criteria  are  49.000  ng/t 

4.900  ng/1  and  490  ng/l  respectively.  If 
the  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, ' 
excluding  consumption  of  water,  the 
levels  are  161,000  ngA  16100  og/1.  and 

■  1,610  ngA,  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of. 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  .^geDcy  _  *. 
judgment  on  an  ‘‘acceptable”  risk  level 
For  the  maximum  protection  of  human 
health  bom  the  potential  carcinogenic 
effects  due  to  exposure  in  n-- 
nitrosopynolidine  through  ingestion  of  / 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water  . 
concentration  should  be  zero  based  on 
the  Doo-threshold  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Jherefore,  the  levels  which  may  result  in 
tocremental  incresse  of  cancer  risk,  over 
the  lifetimes  are  estimated  at  10**,  10**, 
and  10* ’.The  corresponding  criteria  are 
too  ngA  16U>  ng/I  and  1.60  ngA 
‘  respectively.  If  the  abqye  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  919.000  ng/1. 

91.900  ng/l  and  9.190  ng/l.  respectively. 
Other  concentrations  representing 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines..  The  risk 
estimate  range  is  presented  for 
infonnetton  purposes  and  dees  cot 
r.'prcser;!  £r,  Af'r.cy  ijdr— t-;  c.".  bt 
‘'accipiabit  '  levt.. 


Pantachloropbenol 
Freshwater  Aquatic  Life 

The  available  data  for 
pentachlorophenol  indicate  that  acute 
and  chronic  toxicity  to  freshwatet. 
aquatic  life  occur  at  concentrations  as 
low  as  55  and  3.2  fig  A  rnpectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  eensitive 
than  ^ose  tested. 

Saltwater  Aquatic  Life 

The  available  data  for 
pentachlorophenol  indicate  that  acute  . 
and  chronic  toxidty  to  saltwater  aquatic 
life  occur  at  concentrations  at  low  as  53 
and  34  fig/l  respectively,  and  would 
occur  at  lower  concentrations  among 
species  that  are  more  sensitive  than 
those  tested.  ■ 

Human  Health  ~  .  . 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  pentachlorophenol. 
Based  on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  1.01  mg/1.  Using  available 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  30 
ftg/l  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Phenol 

Fresh  water  Aquatic  Life 

'The  available  data  for  phenol  indicate 
that  acute-and  chronic  toxicity  to 
freshwater  aquatic  life  occur  at 
concentrations  as  low  as  10,200  and 
^  2.560  fij/l  respectively,  and  would 
occur  at  lower  concentrations  among 
■  species  that  are  more  sensitive  than 
those  tested. 

Saltv,vter  Aquatic  Life 

The  available  data  for  phenol  indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
S.BOO  ug/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  phenol  to  sensitive 
saltwater  aquatic  life. 

Human  Health 

For  comparison  purposes,  two 
approaches  were  used  to  denve 
criterion  levels  for  phenol.  Based  on 
available  toxicity  data,  tor  the 
protection  of  jrablic  health,  the  derived 
level  ;s  2  5  t.7  'k  Using  available 
crr;r,clf -nc  cu'.a.  for  :or.’.rci'.;-,r 
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ingested  through  water  and 
contaminated  aquatic  organismt.  the 
ambient  water  pterion  it  determined  to 
be  144  ng/L 

For  the  protection  of  human  health 
{rom  the  toxic  properties  of  mercury 
Ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
criterion  it  determined  to  be  148  ng/L 

Note.— These  values  Include  the 
consumption  of  freshwater,  estuarine,  and'  ' 
marine  species.  ■  .* 

Naphthalene  '*  ■ 

Freshwater  AguoUc Life  .  \  ^  ~ 

The  available  data  to  na^tbalene 
indicate  tbat  acute  and  tbi^c  toidcity 
to  freshwater  aquatic  life  occur  at  . 
concentrations  as  low  as  Z300  and  820 

(ig/L  respectively,  and  wouldjoccur  at 
ower  concentrations  among  spedes 
that  are  more  aensitive  than  those  - 
tested.  _  . 

Saltwater  Aqaotie  Life  ' 


Human  Health  ^ 

For  the  protection  of  human  health 
from  the  toxic  propertiea  of  nickel 
Ingeated  through  water  and 
contaminated  equatic  organisms,  the 
ambient  water  oiterionis  determined  to 
-be  1J.4  pg/L  ~ 

•  For  the  protection  of  human  health 
from  theTDxic  properties  of  mclcel 
ingested  throu^  contaminated  aquatic 
organisma  alone,  the  ambient  water 
criterion  is  determined  to  be  100  pg/L  ‘ 

Nitrobenzene  —  .  -  ■ 

Fteshwater  Aquatic  Life 

'  The  evailable  data  far  nitrobenzene 
Indicate  that  acute  toxic^  So  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  27,000  pg/1  and  would  occur  at 
lower  concenfrations  among  species 
that  are  more  aensitive  than  those 
tested.  No  definitive  data  are'available 
corK:eming  the  chronic  toxicity  of 
nitrobenzene  to  sensitive  freshwater 
aquaticlife.  ,  .... 


The  available  data  lor  naphthalene 
indicate  that  acutg, toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 

-  low  as  2.350  pg/1  and  would  occur  at 

lower  concentratioiu  among  apedps 
.that  are  more  sensitive  than  those  -  ' 

tested.  No  data  are  avaflable  concerning 
the  chronic  toxicity  of  naphthalene  to  '  ^ 
aensitive  saltM'ster  aquatic  life. 

Human  Health  5/- W  '* - 

Using  the  present  guidelines,  a  - 
satisfactoiy  criterion  cennot  be  derived  - 
at  this  time  due  to  the  insufficiency  in . . 
the  available  data  for  naphthalene.  -  !. 

Nickel  .  .  u  ,  ■  ,  -  •  -V  ■ 

Freshwater  Aquatic  Ufe  'J'  .V.'-. 

For  total  recoverable  nickel  the  • 
criterion  (in  pg/1)  to  protect  freshwater- 
aquatic  life  as  derived  using  the .  - 

Guidelines  is  the  numerical  value  given 
by  e(0.76  fin  (hardness}]  -HJ06)  as  a  24- 
hour  average  and  the  concentration  (in 
pgflj  should  not  exceed  die  numerica}  . . 
value  given  by  e(0.76fln  fburdness}] 

4J>2]  at  any  time.  For  example;  at  j' 

-  hanlneaaet  of  50, 300,  and  200  mg/1  as  - 
CaOOt  the  criteria  arc  56, 90.  and  160 

.pg/L  reapectivaly,  aa'^-bour  averages,  '■ 
and  the  concentrations  ebould  not.';  . 
'exceed  3.100, 1.800.  and  3.100  pg/l. 
respectively,  at  any  fcne.  .  T  - 

Saltwater  Aquatic  Life 


For  total  recoverable  nickel  the  . 
criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  is  7.1 
pg  'l  as  a  24-hour  average  end  the  ' 
concentration  should  not  exceed  140  pg/ 
1  £t  £-y  t:r,L  ,  ■  '  . 


, '  Saltwater  Aquatic  Life  ■' 

The  avaQabie  data  for  nitrobenzene 
indicate  that  acute  toxicity  to  saltwater 

-  aiquatic  life  occurs  at  concentrations  as 
.  low  as  8,680  pg/l  and  would  occur  at  • 

-  lower  concenti-ationa  amoz^  spedes 

,  that  ere  more  sensitive  than  those  '  '  *  '  ’ 
tested.  No  data  are  avafiable  concerning 
'  '  the  chroznc  toxicity  of  nitrobenzene  to 
sensitive  saltwater  agnatic  life. 

Human  Health  '■  ,  -  . 

For  comparison  purposes,  two  ' 

-  approaches  were  used  to  derive 
criterion  levels  for  nitrobenzene.  Based 
on  available  toxicity  data,  for  the 
protection  of  public  be^th,  the  derived 
level  is  168  sig/l.  Using  available  .  T 

.  organoleptic  data,  for  controlling 
,ande8irable  taste  and  odor  quality  of 
1  ambieot  water,  the  estimated  levd  is  30 
pg/L  Jt  should  be  recognized  tbat  .  ^ 

.  organoleptic  data  as  a  basis  for  . 

'  establishing  a  water  quality  criteria 
have  limitations  and  have  no 
'  demonstrated  relationship  to  potential  ' 

-  adverse  human  healtire&ects.  .  ;  . 

] .  NUiopbe^ls  - 

•  Freshwater  Aquatic  Life  ' 

^  —'•*4  '  •*  *' •  * 

r  "  The  available  data  for  nitcophenola 
'  indicate  that  acute  toxicity  to  freshwater 
aquatic  liife  ocenrs  at  concentrations  as 
low  as  230  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxicity  of  nitropbenols  to 
,  sensitive  freshwater  aquatic  life  but 
toxidty  to  one  spedes  of  algae  occurs  at 
concentrations  as  low  as  150  pg/l 


Saltwater  Aquatic  Life 

The  available  data  for  nitropbenols 
indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  as  4.850  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  aensitive  than  those 
tested  No  data  are  available  cooceming 
the  chronic  toxidty  of  nitropheoola  to 
aensitive  saltwater  aquatic  Ufe. 

Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of  2.4-dinitrO'O- 
cresol  ingested  through  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  enterion  is  detemuned  to 
be  13.4  pg/L 

For  the  protection  of  human  health 
from  the- toxic  properties  of  2.4-dinitro-o- 
cresol  ingested  through  contaminated 
aquatic  organisms  alone,  the  ambient 
water  criterion  is  determined  to  be  765 
MS/l 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
dinitrophenol  ingested  through  water 
and  contaminate  aquatic  organisms, 
the  ambient  water  criterion  is 
determined  to  be  70  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
dinitrophenol  ingested  through 
contaminated  agnatic  organisms  alone, 
the  ambient  water  criterion  is 
determined  to  be  148  mg/l 
.  Using  the  present  guideUnes.  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  avaUable  data  for  mononitrophenol. 

Using  the  present  guidelines,  a 
satisfactoT}  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  tri-nitrophenol. 

Nitroaanunas  - 

Freshwater  Aquatic  Life 

The  available  data  for  nitrosamines 
indicate  tbat  acute  toxicit)'  to  f.’eshwater 
aguatic  life  occau-s  at  concentrations  as 
low  as  5,850 pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  sore  sensitive  than  those 
tested.  No  data  are  avaUable  concerning 
the  chronic  frudeity  of  nitrosamines  to 
aeiuitive  freshwater  aquatic  life. 

Saltwater  Aqoatic  Life 

The  available  data  far  nitrosamines 
indicate  that  acute  toxicity  to  saltwater 
aquatic  life  occurs  at  concentre  tions  as 
low  as  3.300.000  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  than  those 
.  tested.  No  data  are  available  concerning 
the  chronic  loxicity  of  nitrosamines  to 
sensitive  saltwater  aquatic  life 
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represent  an  Agency  Jndgment  on  an 
’‘acceptable'*  risk  level 

For  the  maxinmni  ptotecUdn  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  tech-HCH 
through  ingestion  of  contaminated  water 
nnd  contaminated  aquatie  organisms, 
the  ambient  water  concentration  ahoold  • 
be  zero  based  on  the  non-threshold 
assumption  for  this  diemicaL  However, 
zero  level  may  not  be  attainable  at  the  . 
present  time.  Therefore,  the  levels  which 
may  result  in  iiicremental  increase  of 
cancer  risk,  over  the  lifetimes  are  ' 
estimated  at  VT*,  MT*.  and  10"*.  The  ‘ ' 

-  corresponding  criteria  are  123  ng A.  12J1 

ngA.  and  1.23  ttg/L  respectively.  If  the 
above  estimates  are  made  for  "  • 

consumption  ofaquaUe  Ofganisnis  only, 
excluding  consumption  of  water,  the 
levels  are  414  ng/L  41.4  ng/L  and  4.14  - 
ng/L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be^ 
calculated  by  use  of  the  Guidelines.  The' 

•  risk  estimate  range  is  presented  for 
information  purposes  and  does  not  ' 
represent  an  Agency  {udgment  on  an  . 

■  ‘‘acceptable"  risk  level  ,  . 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
affects  due  to  exposure  of  gamma-HCH  . 
through  ingestion  of  contaminated  water  ' 

■  and  contaminated  aquatic  organisms, .  ■  - 

the  ambient  water  concentrations  ■  r  V' 
should  be  zero  based  on  the  non-  / '  ~  ' 

-  threshold  assumption  for  this  chemical^ 

However,  zero  level  may  not  be  •  •••'' 

attainableat  the  present  time. 

Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10~*.  10~*. 
and  10'*.  The  conesponding  criteria  are 
186  ng/l  18.6  ng/l  and  1.86  ng/l 

'  respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic - 
organisms  only,  excluding  consumption 
of  water,  the  levels  arc  623  fig/l  6ZJi 
ng/l  0.25  ng/L  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculate  by  use  of 
the  Guidelines.  The  risk  estimate  range.  - 
is  presented  for  Information  purposes  :  - 
and  does  not  represent  an  Agency  .  ^ 

judgment  on  an  "acceptable"  risk  level  ' 

Using  the  present  guidelines,  a 
satisfactory  critarion  cannot  be  derived 
at  this  time  due  to  the  Insufficiency  in 
-the  available  data' for  delta-HCH...,,. 

Using  the  present  guidelines,  a  ’ 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in  . 
the  available  data  for  epsilon-HG^ 

Hexachlorocyclopentsdieoe  - 

Fnshwater  Aquatic  Life  .  *.  •  _ 

The  available  data  for 
hexac.hlorocydopentadiene  indicate  that 

&r.d  chronic  loxicitj'  to  freshwater 


aquatic  life  occurs  at  concentrationa  at 
low  as  7J)  and  S.2  fig/L  respectively,  and 
would  occur  at  lower  concentrationa 
amone  ipedes  that  are  more  sensitive 
than  mose  tested. 

Saltwater  Aquatic  Life 

The  evelleble  data  to  .  ' 
hexachlorocyclopentadiene  indicate  that 
acute  toxidty  to  saltwater  aquatic  life 
(^ccura  at  concentrationa  as  low  as  7.0 
pg/l  and  would  occur  at  lower 
concentrations  among  spedes  that  are 

-  more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 

.  chronic  toxidty  of  -  ■ 

hexechlorocydopentadiene  to  sensitive 
saltwater  aquatic  life.  '  .  ..  . 

Hu/nan  Health  . 

For  comparison  purposes,  two 
approaches  were  lued  to  derive 
criterion  levels  for 

.  •  hexachlorocyclopentadiene.  Based  on 
available  toddty  data,  for  the 
protection  of  public  health,  the  derived 
level  is  206  fig/L  Using  available 
organoleptic  data,  for  controlling 

-  undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  li) 
pg/I.  It  should  be  rccog^ed  that 

r  organoleptic  data  as  a  basis  for  -  • 

. ;  establishing  a  water  quality  criterion  ' .  ' 

.  have  Hmitationa  and  nave  no  V  '. 

-  demonstrated  relationship  to  potential 

-  adverse  human  health  effects. .  ^ 

Isopborone 

Freshwater  Aquatic  Life  '  . 

‘The  available  data  for  isophorone 
indicate  that  acute  toxidty  to  freshwater 
aquatic  life  ocurs  at  concentrations  as 
..  low  at  117.000  ng/l  and  would  occur  at 
tower  concentrations  among  spedes 
that  are  more  sensitive  than  those 
tested  No  data  are  available  concerning 
the  efaronie  toxidty  of  isophorone  to 
sensitive  freshwater  aquatic  life.  . . 

.  -  Saltwater  Aquatic  Life  '  '  '  '  '  ' 

'  .  The  available  data  for  isophorone 
indicate  that  acute  toxidty  to  saltwater 
aquatic  life  occurs  at  coDceotratioDS  aS' 

-  low  as  12.900  )ig/l  and  would  occur  at  . 
lower  concentration!  among  species 
that  are  more  sensitive  than  those 
"tested  No  data  are  aveileble  concerning 

^  .the^dtrooic  toxidty  of  isophorone  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

For'tbe  protection  of  human  health 
from  the  toxic  properties  of  isophorone 
ingested  through  water  end 
contaminsted  aquatic  organisms,  the 
ambient  water  criterion  is  determined  to 
be  5.2  mg/l  ‘ 

!  For  the  protecnon  of  human  health 

frc.Ti  the  toxic  p.'cr.erties  of  isophorone 


ingested  through  contaminated  aquatic 
organisms  alone,  the  ambient  water 
'criterion  la  determined  to  be  520  mg/l 

Lead 

Freshwater  Aquatic  Ufe 

~  ¥ot  total  recoverable  lead  the 
criterion  (in  ftg/\)  to  protect  freshwater 
aquatic  life  as  deriv^  using  the 
Guidelines  ia  the  numerical  value  given 
by  e(Z.35[ln(hardness]]-9.48]  as  a  24- 
bour  ave^e  and  the  concentration  (in 
ng/l)  should  not  exceed  the  numerical 
value  given  by  e(1.22Pn(hardness])-0.47) 
at  any  time.  For  example,  at  hardnesses 
of  50, 100.  end  200  mg/l  es  CaCOt  the 
criteria  are  0J5, 3.8,  and  20  >tg/l. 
respectively,  as  24-hour  averages,  and 
the  concentrations  should  not  exceed  74. 
17a  end  400  >ig/L  respectively,  at  any 
time..  •  v  ■ 

Saltwater  Aquatic  Life 

.  The  available  date  (or  total 
recoverable  lead  indicate  that  acute  and 
chronic  toxicity  to  saltwater  aquatic  life 
occur  at  concentrations  as  low  as  668 
and  25  ;tg/l  respectively,  and  would 
occur  at  lower  concentrations  among 
spedes  that  are  more  sensitive  than 
those  tested.  ..  . 

Human  Health 

The  ambient  water  quality  criterion 
for  lead  is  recommended  to  be  identical 
to  the  existing  drinking  water  standard 
'  which  is  50  |ig/l  Analysis  of  the  toxic 
effects  data  resulted  in  a  calculated 
level  which  is  protective  to  human 
health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 
For  this  reason  a  selective  criterion 
based  on  exposure  solely  from 
consumption  of  8.5  grams  of  aquatic 
organisms  was  not  derived. 

Mercury  -  - 

Freshwater  Aquatic  Life  . 

For  total  recoverable  mercury  Jhe 
criterion  to  protect  freshwater  aquatic 
bfe  as  derived  using  the  Guidelines  is 
0.00057  ;ig/l  as  a  2^our  average  and 
the  concentration  should  not  exceed 
00017  n%f)  *1  uiy  time. 

Saltwater  Aquatic  Life 

Tat  total  recoverable  mercury  the 
criterion  to  protect  saltwater  aquatic  Ufe 
at  derived  using  the  Guidelines  is  0.025 
ng/l  as  a  24-hour  average  and  *Jie 
concentration  should  not  exceed  3.7  >tg/l 
at  any  time. 

Human  Health 

For  the  protection  of  human  health 
L'cm  the  toxic  prope.'ties  of  mercury 
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14  fig/L  (US  ftg/L  and  0419  jsg/L 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  on))',  excluding  consumption 
of  water,  the  levels  are  157  pg/1, 15.7 
/tg/L  and  147  fig/L  respectively^  Other 
concentrations  representing  dinerent 
risk  levels  mey  be  calculated  by  use  of 
the  Guidelines.  The  risk  esiaoMie  reztge 
is  presented  for  Infoimation  purposes 
.  and  does  not  represent  ah  Agency 
judgment  on  an  "acceptable"  risk  level 

—Heptachlor 

Freshwater  Aquatic  Life 

For  heptachlor  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Guidelines  is  04038  pg/l  as  a  24-  . 
hour  average  and  the  concentration 
should  not  exceed  aS2  pg/l  at  any  time. 

Saltwater  Aquatic  Life 

Tot  heptachlor  the  criterion  to  protect 
saltwater  aquatic  life  as  derived  nslng 
the  Guidelines  is  0.0038  p.g/1  as  a  24- 
hour  average  and  the  concentration 
should  not  exceed  0.053  pg/1  at  any 
time.  '  •  -  • 

'  -  ■  ■  ■  ..S"'  i  » 

Human  Health  ,  .-r 

-  •  .•*  *  .  *•*  f 

For  the  maximum  proteeddn  oT  human 
health  from  the  potential  carcinogenic  4. 

•  effects  due  to  exposun  of  heptachlor 
through  ingesdon  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk,  over  the  lifetimes  are  - 
•estimated  atltTMO"*,  and  10"’’.  The  _ 
corresponding  criteria  are  Z78  ngfk  28 
— ng/L  and  XJXgtigfl,  respectively.if  the  • 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  2.85  ng/L  29  ng/l  and  429 
ng/l  respectively.  Other  .  '  /• 

concentrations  representing  dIHerent 
risk  levels  may  be  calculated  by  use  of 
the  Cuidelinea  The  risk  estimate  range  - 
ia  preaented  for  information  puipoaea 
and  doea  notrepreseat  an  Agency  ' 
judgment  on  an  "acceptable”,  riak  level  • 

Hexachlotobutadieae  •  -  •'■5-  -  ^  . 

Freshwater  AqaaticUfe^ 

The  evaDable  data  for 
hexachlorobutadiene  indicate  that  acute 
and  chroQic/to.xidty  to  freshwater 
aquatic  Fife  occur  at  coucentrations  as 
low  as  90  and  9.3  pg/l  respectively,  and 
would  occur  at  lower  concentrations 
amonp  species  that  are  more  sensitive 
ll.£;,^  tXio&c  tested. 


Sahwater  Aquatic  Life 

The  available  data  for 
hexachlorobutadiene  indicate  &at  acute 
toxicity  to  saltwater  aquatic  life  occurs 
at  concentrations  as  low  as  82  pg/1  and 
would  occur  at  lower  ooncentratioiu 
among  spedes  that  are  more  aenaitiva 
that  those  tested.  Ho  data  are  available 
concerning  the  chronic  toxfdty  of 
hexachlorobutadiene  to  sensitive 
■  saltwater  aquatic  life  ■  ' 

Human  Health  ^ 

Tor  the  maxinnnu  protection  of  human 
'health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  - 
.hexachlorobutadiene  throng  ingestion 
of  contaminated  water  and  ' 
ooDtaminated  aquatic  organisms,  the 
aihbient  water  concentration  should  be 
«  zero  based  on  the  non-threshold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be.  attainable  at  the 
present  time.  Therefore,  the  levels  which 
.may  iesnlt  fai  incremental  increase  of 
cancer  risk,  over  the  lifetimes.are 
estimated  at  10'*.  10"*,  and  10"’.  The 
corresponding  criteria  are  4.47  fig/l  0.45 
fig/l  and  0.015  fig/l  respectively.  If  the 
above  estimates  are  made  for 

-  consumption  of  aquatic  organisms  only, 
excludi^  consumption  of  water,  the 
levels  are  500  fig/i  50  jug/L  and  5  Mg/J 
respectively.  Other  concentrations 

-  Tepresentiiig  different  risk  levels  may  be 
calculated  %  use  oftbe  Guidelines.  The' 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  level 

Hexachlorocydobexane  ,  ■  '  . 

Lin  dane  .  '  ^  J  ,  . 

Freshwater  Aquatic  Life 

For  lindane  the  criterion  to  protect 
'  fresfawater  aquatic  life  as  derived  using 
the  Guidehnrs  is  0.080  pg/1  ev  a  24-hour 
average  and  the  concentration  should 
not  exceed  2.0  pg/1  at  any  time.  . 

.  Saltwater  Aquatic  Life 

For  saltwater  aquatic  life  the  -  ' 
oonbentratioD  of  lindane  should  not  ' 
exceed  0.18  pg/1  at  any  time.  No  data  * 
are  available  concerning  the  chronic 
.  toxidty  of  lindane  to  tenaitive  saltwater 
aqua^^Ufe.  J  . 

BHC  '  . 

Freshwater  Aquatic  Life 

The  available  dete  for  a  mixture  of 
ifomers  of  BHC  indicate  that  acute 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  at  100  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  Ko  date  are  availeblc 


concerning  the  chronic  toxicity  of  a 
mixture  of  isomers  of  BHC  to  eeasTtive 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

The  available  date  for  a  aixlxre  of 
iaoaers  of  KfC  iisdicate  that  acute 
toxidty  to  saltwater  aquatic  life  occore 
at  concentrations  ae  low  as  a34  ftg/I 
and  wouU  orcar  at  lower 
"  concentrations  among  species  that  are  ' 

.  more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxidty  of  a  mixture  of  isomers 
of  BHC  to  sensitive  saltwater  aquatic 
life.  '  - 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  cardnogenic 
effects  due  to  exposure  of  alpha-HCH 
through  ingestion  of  contamittated  water 
and  contaminated  aquatic  organisms, 
the  ambient  wrater  concentration  should 
be  zero  baaed  on  the  non-threshold 
assumption  for  this  chemical.  However. 

,  zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  whicli 
may  result  in  incremental  increase  of 
cancer  risk,  over  the  lifetimes  are 
estimated  at  lO'MO'*,  and  lO'l  The 
corresponding  criteria  are  92  ng/l  92 
ng/L  and  .92  ng/L  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
exduding  consumption  of  water,  the 
levels  are  310  ng/l  31.0  ng/L  and  3.1 
ng/l  respectively.  Other  concentrations 
representing  diHerent  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  riak  level 

For  the  maximum  protection  of  human 
health  from  the  potential  cardnogenic 
effects  due  to  exposure  of  bete-HCH 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentration  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
mey  nsult  in  incremental  increaae  of 
cancer  riak.  over  the  lifetimes  are 
estimated  at  lO"*,  10“*.  and  l(r\  The 
corresponding  criteria  are  163  ng/L  162 
ng/l,  and  1.63  ng/l  respectively.  If  the 
above  estimates  are  made  for 
coiuumption  of  aquatic  organisms  tmly, 
excluding  consumption  of  water,  the 
levels  are  547  ng/l.  54.7  ng/L  and  S.47 
ng/l  respectively.  Other  concentrations 
representing  different  riak  levels  may  be 
cakuleled  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
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—^gpiteaeiil  an  Agency  judgment  on  an 
-ac^cmeptable*  fisk  level  ..  -  : 


jj^^gomaterAquatSeUf*  .  .  -J 

, — Tm-  ■mlnmlfr*  the' criterion  to  protect 
lif.  u  derived  uring 
isDilsa  |tg/I  as  a  24>hour 
f"»t  dw  eoncantration  should 
<t  n99  figf\  at  any  time. 


g^jtmater  AqaoUc  Uff 

ym  ths  czitcfiOA  to  protect 

^^aJtwatBT  aquatic  life  ae  derived  neins 

^^CusdslincsUp4)087pg/Iasa24-  ' 

average  and  the  concentration 
^0^  not  exceed  0i)34  Mg/I  at  any 


ffdtxsiatt Health  -  ' 

fvt  the  protection  of  human  health 
•  ^»T9  the  toxic  properties  of  endosulfan  .  ] 

^Bgested  through  water  and  Ire 

,^3Kitazninated  aquatic  organisms,  the  .  fti 
^gonbient  water  criurion  is  detennined  to  jj, 

■  -  .  1.V  **“ 

For  the  protection  of  human  health 
^rrom  the  toxic  properties  of  endosulfan  ‘  j 
.Rested  through  contamiMted  aquatic  ^ 

^rganlsnu  alone,  the  ambient  water  ;  ^  ^ 

{Sriterioo  is  detennlnqd  to^  JJ  ^ 

f^reahwaterAqaatic  Life'  '  f  V:- 

For  endrin  the  criterion  to  protect 
A-vshwater  aquaticTife  as  derived  using  -  fn 
^e  Guidelines  la  0.0023  pg/1  as  s  24- 
■oour  average  and  the  concentration  .  ’ 
tr.ould  not  exceed  0.18  ftg/l  at  any  ^e. 

jeltwater  Aquatic  Life  -  "  lo^ 

For  endrin  the  criterion  to  protect  ■  lo' 
aaltwater  aquatic  life  ae  derived  using  thi 
the  Guidelines  is  a0023  pg/l  as  a  24-  '  • .  t« 
hour  average  and  the  concentration  ‘  ■  tiw 

should  not  exceed  OiX37pg/I  at  any  sc 

'  time.  .  '  y  So 

Human  Health  ■  J' -  '  ' 

The  ambient  water  quality  eriterion  tni 
for  endrin  is  recommended  to  be  '  'to 

Identical  to  the  existing  drinking  water'  ■  co 
standard  which  ia  1  >g/l.  Analyaia  of  the  re 
toxic  affects  data  reaulted  in  a  '  oo 

calculated  level  which  if  protective  of  -r  .  on 
hitman  health  agafaiat  the  tngeation  of  •  u 
contaminated  water  arid  contaminatetr'-  ' 

aquatic  organisms  The  calculated  value 
Is  comparable  to  the  present  standard.  fn 
For  this  reason  a  aelective  criteri<«  '  fnj 
based  on  exposure  solely  from  co 

consumption  of  6.5  grams  of  aquafle  an 

organisms  was  not  derived.  be 

Ethylbenzene  ,  ,  ,  .  ^ 

Frtsh  tt-ater  A  quatic  Life 
Tho  ava;!.;b!c  ds'.s  /or  efhylbe.ooer''  or 

tha!  so-Jte  roxicity  tc  Irish  watt:  cr 


aquatic  life  occurs  at  concentrations  as 
low  ae  3ZOOO  ^g/1  and  would  occur  at' 
lower  concentrations  among  species 
that  are  more  sensitive  than  thoae 
tested  No  deffnitive  data  are  available 
concerning  the  chronic  toxicity  of 
.ethylbenzene  to  aensitiva  freahwatar 
aquatic  life.' 

■  Saltwater  Aquatic  Life 

The  available  data  tor  ethylbenzene 
indicate  diat  acuta  toxicity  to  saltwater 
aquatic  life  occurs  at  concentrations  as 
low  at  430  |tg/l  and  would  occur  at  v . 
lower  concentrations  among  species  ' 
that  are  more  sensitive  than  those 
tasted.  No  data  are  available  concerning 
the  chronic  toxicity  of  ethylbenzene  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

'  For  the  protection  of  human  health 
from  the  toxic  properties  of 
ethylbenzene  lagestcn  through  water 
and  contaminatad  aqu  xtic  organisms, 
the  ambient  water  critrrion  ia 
determined  to  be  1.4  mg/l  i 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
athylbenzene  ingested  through 
.  contaminatad  aquatic  organisms  alone, 
the  ambient  water  criterion  ia 
determined  to  be  3.28  mg /L 

,  Fluorantheoe  .  •  _  - 

Freshwater  Aquatic  Life 

The  available  data  for  fluoranthene 
indicate  that  acute  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  3880  fig/1  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  aensitive  than  those 
tested.  No  data  are  available  concerning 
the  chronic  toxidty  of  fluoranthene  to 
senaiUve  freshwater  aquatic  life. 

Saltwater  Aquatic  Lif e  ' 
f  •  -  -  •  * 

r  The  available  data  for  fluoranthene 
indicate  that  acute  and  chronic  toxidty 
*to  saltwater  aquatic  life  occur  at 
concentrationa  as  low  as  40  and  18  pg/L 
respectively,  and  would  occur  at  lower 
concentrationa  among  species  that  are ' 
more  sensittva  than  those  tested.  . 

HumoB Healthy 

For  the  protection  of  human  health 
from  the  toxic  properties  of  fluoranthene 
ingested  throu^  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  criterion  is  detennined  to 
be  42  Hg/L 

For  the  protection  cf  human  health 
from  the  toxic  properties  of  fluoranthene 
mgested  tiirou^  contaminated  aquatic 
orc3n;sms  alone,  the  ambient  water 
cr.ter.cr.  is  determined  to  be  lA  -s. !. 


Haloatbers 

Freshwater  Aquatic  Life 

The  available  data  for  haloethera 
indicate  that  acute  and  chronic  toxicity  ‘ 
to  freshwater  aquatic'life  occur  at 
concentrations  as  low  as  360  and  \22 
ug/L  respectively,  and  would  occur  at 
leaver  concentrations  among  spedes 
that  are  more  tenritive  than  those 
tested. 

»  . 

Saltwater  Aquatic  Lifi 

No  saltwater  organisms  have  been 
tested  with  any  haloether  and  oo 
.atatement  can  be  made  concerning  acute 
or  chronic  toxidty. 

Human  Health 

^  Using  the  present  guidelines,  a 
aatiafactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufflciency'in 
the  available  data  for  haloethera. 

Halomethanes 

Freshwater  Aquatic  Life 

The  available  data  for  halomethanes 
indicate  that  acute  toxidty  to  freshwater 
.  aquatic  life  occurs  at  concentrations  as 
low  at  IIJXX)  pg/l  and  would  occur  at 
lower  concentrations  among  species  ' 
that  are  more  aensitive  than  those 
tasted.  No  data  are  available  concerning 
the  chronic  toxidty  of  halomethanes  to 
sensitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

The  available  data  for  Halomethanes 
indicate  that  acute  and  chronic  toxidty 
to  saltwater  aquatic  life  occur  at 
concentrations  as  low  as  IZOOO  and 
6.400  pg/l,  respectively,  and  would 
occur  at  lower  concentrations  among 
species  that  are  more  sensitive  than 
those  tested.  A  decrease  in  algal  ceU 
numbers  occurs  at  concentrations  as 
low  as  11.500  >ig/L 

•  Human  Health 

Tot  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of 
chloromethane.  bromoroethane, 
dichloromethane. 
bromodi  chloromethane. 
tribromomethane. 
dichlorodifluoromethane, 

-  trichloroQuoromethane,  or  combinations 
of  these  chemicals  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  fer  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore.. the  levels  which  may  result  in 
incremental  increase  of  cancer  risk,  over 
the  lifetimes  are  estimated  at  10**.  10**, 
and  10*’.  Tr.e  corrcspondir.?  criteria  are 
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Based  on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  3.09  mg/L  Using  available 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of 
anbient  water,  the  estimated  levd  is  OJ 
pg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitatioiu  and  have  no 
demoiutrated  relationship  to  potential 
adverse  human  health  effects. 

Dichloropropanes/Dichloropropenes 

Fnshvfater  Aquatic  Life  ■  .  •  ~  . 

The  available  data  for  '  ~ 

dichloropropanes  Indicate  that  acute 
and  chronic  toxicity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  23,000  and  5.700  pg/L 
respectively,  and  would  occur  at  lower  ^ 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

The  available  data  for 
dichloropropenes  indicate  that  acute 
and  chronic  toxidty  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  as  6,060  and  244  pg/L  respectively, 
and  would  occur  at  lower 
concentrations  among  species  that  are 
more  seruitive  than  those  tested. 

Saltwater  Aquatic  Life  ■  \ 

The  available  data  for  ' 
dichloropropanes  indicate  that  acute 
and  chronic  toxicity  to  saltwater  aquatic 
life  occurs  et  concentrationa  as  low  as 
10.300  and  3,040  pg/l,  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  ;  , .  -  - 

The  available  data  for  -  - 
dichloropropenes  indicate  that  acute 
toxidty  to  saltwater  aquatic  Hfe  occtns  * 
at  concentrations  as  low  a  as  790  pg/L 
and  would  occur  at  lower  . 
concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxfdty  of  dichloropropenes  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

Using  the  present  gu!delln«s,  a ' 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  InsufBdency  in 
the  available  data  for  dichloropropanes. 

For  the  protection  of  human  he^th 
from  the  toxic  properties  of  '  ^ 

dichloropropenes  ingested  through 
water  and  contaminated  aquatic 
organisms,  the  ambient  water  criterion 
is  determined  to  be  87  pg/L 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
dichloropropenes  ingested  through 
conteminated  aquatic  organisms  alone. 


the  ambient  water  criterion  is 
determined  to  be  14.1  mg/L 

2.4- DimethylphenoI 
Freshwater  Aquatic  Life 

The  available  data  for  2.4* 
dimethyh^henol  indicate  that  acute 
toxidty  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  2.120  pg/l 
and  would  occur  at  lower 
concentrations  among  spedes  that  are 
more  sensitive  than  those  teste's.  No 
data  are  available  concerning  the 
chronic  toxidty  of  dimethylpbenol  to 
aeiuitive  freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
tested  with  2.4-dimethylphenoI  and  no 
statement  can  be  made  concerning  acute 
and  chronic  toxidty.  • 

Human  Health 

SufBdtnt  data  are  not  available  for 

2.4- dimettiylpbenol  to  derive  a  level 
.  which  woidd  protect  against  the 

potential  toxidty  of  this  compound- 
Using  available  organoleptic  data,  for 
controlling  undersirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  400  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

2,4*Dudtrotoluene 

Freshwater  Aquatic  Life 

The  available  data  for  2,4- 
dinitrotoluene  indicate  that  acute  and' 
chronic  toxidty  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  as 
330  and  230  pg/L  respectively,  and 
would  occurat  lower  concentrations 
among  spedes  that  are  mors  sensitive 
than  those  tested. 

-Saltwater  Aquatic  Life 

'  The  avaQable  data  for  2.4- 
dinitrotolu'enes  indicate  that  acute 
.  tojddty  to  saltwater  aquatic  life  occurs 
at  concentrations  as  low  as  590  pg/I  and 
would  occur  at  lower  concentrations 
among  spedes  that  are  more  sensitive 
than  {hose  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of  2.4- 
dinitrotoluenes  to  sensitive  saltwater 
aquatic  life  but  a  decrease  in  algal  cell 
numbers  occurs  at  concentrations  as 
low  as  370  pg/L 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  2.4- 
dinitrotoluene  through  ingestion  of 
contaminated  water  and  contaminated 
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aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result 
Incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  Itr*.  10~*, 
and  10*''.  The  corresponding  criteria  are 
1.1  pg/L  0.11  pg/L  and  0.011  pg/L 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
-  organisms  only,  excluding  consumption 
of  water,  the  levels  are  91  pg/l,  9.1  pg/l. 
and  0.91  pg/L  respectively.  Other 
concentratioiu  representing  difierent 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  Information  purposes 
and  does  not  represent  an  Agency 
Judgment  on  an  ‘’acceptable"  risk  level. 

1.2-DiphenyIhydrazine 

Freshwater  Aquatic  Life 

The  available  data  for  1.2- 
diphenylhydrazine  indicate  that  acute 
toxidty  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  270  pg/l  and 
would  occur  at  lower  concentrations 
among  spedes  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxidty  of  1.2- 
diphenylhydrazine  to  sensitive 
fruhwater  aquatic  life. 

Saltwater  Aquatic  Life 

So  saltwater  organisms  have  been 
tested  with  1,2-diphenylhydrazine  and 
no  statement  can  be  made  concerning 
acute  and  chronic  toxicity. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  1.2- 
diphenylhydrazine  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10**.  10**. 
and  10*.'.  The  corresponding  criteria  are 
422  ng/1,  42  ng/l.  and  4  ng/L 
respectively.  U  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  exduding  consumption 
of  water,  the  levels  are  5.6  pg/l,  0.56 
pg/l  and  0.056  pg/l,  respectively. 

Other  concentrations  representing 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelines.  The  risk 
estimate  range  is  presented  for 
information  purposes  and  does  not 
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chronic  toidcitjr  of  TDE  tosensidve 
saltwater  aquatic  Ufa. 

DDE  ... 

The  available  data  for  DDE  indicate 
that  aeate  toxicity' to  saltwater  aquatic 
Ufa  occurs  at  concentratio'ns  as  low  as 
.  14  ;ig/l  and  would  occur  at  lower 
concentrations  among  specfas  that  art 
more  sansitlva  than  mosa  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  DDE  to  sensitive 
saltwater  aquatic  life. 

HumoD Health  ■  v-  . 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  oT  DDT  through- 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organisms,  the 
ambient  water  concentration  should  be 
zero  based  on  the  non-threshold  , 

assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the  ' 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  WT*.  KT*.  and  l(r».  The 
corresponding  criteria  are  .24  ng/l  .024 
ng/L  and  .0024  ng/l  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only. . 
excluding  consumption  of  water,  the 
levels  are  dt4  ng/l  .024  ng A  «nd  JOOZA  ~ 

ngA  respectively.  Other  concentretiona 
representing  different  risk  levels  may  be  " 
calcnlated  by  use  of  the  Guidelines.  The  r 
risk  estimate  range  Is  presented  for  ' ; 
information  purposes  and  does  not 
fepcfsentan  Agency  Judgment  of  an  ' 
"acceptable"  risk  level 

Dichlorobenzenes  .*  ' 

Freshwater  Aquatic  Life 

The  available  data  for 
dichlorobenzenes  indicate  that  acute 
and  chronic  toxicity  to  freshwater  ' 
aquatic  Ufe  ocenre  at  concentrations  as 
low  as  1420  and  703  ^g/l  respectively, 
and  would  occur  at  lower  .  - 

concentrations  among  species  that  are  . 
more  sensitive  than  those  tested 

Saltwater  Aquatic  Life  •  .  r  .  " 

The  available data'for 
(Dchlorobenzenes  tniiicate  that  acute 
toxicity  Jo  saltwater  aquatic  life  occurs 
at  concentre tioiu  as  low  as  1.970  pg/I  ‘ 
and  would  occur  at  lower  -  -  • '  - 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
date  are  available  concerning  the 
chronic  toxicity  of  dichlorobenzenes  to 
sensitive  saltwater  aquatic  life. 

Human  Health 

For  the  protection  of  human  health 
from  the  toxic  properties  of 
dichiorobenzenes  (ail  isomers)  ingested 


through  water  and  contaminated  aquatic 
orgamsms.  the  ambient  water  criterion 
is  determined  to  be  400  pg/l 

For  the  protection  of  human  health 
from  the  toxic  properties  of . 
dichlorobenzenes  (all  isomers]  ingested 
througlr  contaminated  aquatic  organisms 
alone,  the  ambient  water  criterion  is 
determined  to  be  2Ji  ntg/L. 

Dichlorobenzidlnes 

Freshwater  Aquatic  Life 

•  "  •  *  • 

The  data  base  available  for 
^chlorobenzidines  and  freshwater 
organisms  is  limited  to  one  test  on 
bioconcentraQon  of  3.3'- 
dichlairobenzidine  and  no  statement  can 
be  made  concerning  acute  or  chronic 
toxidty. 

Saltwater  Aquatic  Life  '  .  ' 

.  No  saltwater  organisms  have  been 
tested  with  any  dichlorobenzidine  and 
no  statement  can  be  made  concerning 
acute  or  chronic  toxicity. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of 
dichlorobenzidine  through  ingestion  of. 

:  contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  base  on  ' 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not  ■ 
be  attainable  at  the  present  time.  ■  v 
Thereforcrthe  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10*',  10**, 
and  10"'.  The  corresponding  criteria  are 
.103  pgA  -9103  pg/l  and  .00103  pg/l, 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic  - 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  404  /ig/).  .0204 
pg/l  and  .00204  pg/l  respectively. 

Other  concentrations  representing 
different  risk  levels  may  be  calculated 
by  use  of  the  Guidelinea  The  risk 
estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
"acceptable"  risk  lev^ 

Dichloroetfaylanes  — 

Freshwater  Aquatic  Life 

The  available  data  for  ■  ’ 
dichloroctbylenes  indicate  that  acute 
toxidt)’  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  11.600  pg/1 
and  would  occur  at  lower 
concontrations  among  species  that  are 
more  sensitive  than  those  tested.  .Vo 
definitive  data  are  available  concerning 
the  chrome  toxicity  of  dichlorethylenes 
to  sensitive  freshwater  aquatic  life. 


Saltwater  Aquatic  Life 

The  available  data  for 
dichlorethylenes  indicate  that  acute 
toxidty  to  saltwater  aquatic  life  occurs 
at  concentrations  as  low  as  224.000  pg/l 
and  would  occur  at  lower 
concentrationa  among  species  that  arc 
more  sensitive  than  those  tested.  No 
data  art  available  cooceming  the 
chronic  toxidty  dichloroethylenes  to 
sensitlvt  saltwater  aquatic  life. 

Human  Health 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of 
1.1-dichtDroethylene  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
,  be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10"*.  10"*, 
and  10"'.  The  corresponding  criteria  are 
.33  pg/l  .033  pg/l  and  .0033  pg/l 
respectively.  If  the  above  estimates  are 
made  for  consompbon  of  aquatic 
organisms  only,  excluding  consumption 
of  water., the  levels  are  18.5  pgA  1-85 
pgA  znd  .183  pg/l  Rspectively.  Other 
concentrations  representing  different  - 
risk  levels  may  be  caJciJat^  by  use  of 
the  Guidelines.  The  risk  estimate  range 
.  is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
'judgment  on  an  "acceptable”  risk  level 

Using  the  present  guidelines,  a 
'  satisfactory  criterion  rannot  be  derived 
-at  this  time  due  to  the  insufficency  in  the 
available  data  for  1,2-dichloroethylene. 

2.4-Dichioropbenol 

Freshwater  Aquatic  Life 

The  available  data  for  2,4- 
dichlorophenol  indicate  that  acute  and 
chronic  toxidty  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  as 
2.020  and  365  fig/L  respectively,  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensibve 
that  those  tested.  Mortality  to  early  life 
stages  of  one  spedes  of  fiah  occurs  at 
concentrationa  as  low  as  70  pg/L 

Saltwater  Aquatic  Life 

Only  one  test  has  been  conducted 
%vith  saltwater  organisms  on  2.4- 
dichlorophenol  a^  no  statement  can  be 
made  concerning  acute  or  chronic 
toxicity. 

Human  Health 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  2.4.dichlorophenol. 
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demonstrated  relationship  to  potential 
adverse  human  health  eflects. 

Chromium 

Fnshwoter  Aquatic  Life 

For  total  recoverable  hexavalent 
diromium  the  criterion  to  protect 
.  freshwater  aquatic  life  as  derived  nsiitg 
the  Guidelines  is  0.28  pg/l  as  a  24>hour 
average  and  the  concentration  should 
not  exceed  21  pgA  at  any  time. 

For  freshwater  aquatic  life  the  • 
concentration  (in  pg/l]  of  total 
recoverable  trivalent  chromium  should 
Jtot  exceed  the  numerical  value  given  by 
*‘e(li)8{ln{hardness)}-f  3-48r  <ny 
time.  For  example,  at  hardnesses  of  50, 
100  and  200  mg/I  as  CaCOi  the 
concentration  of  total  recoverable 
trivalent  chromium  should  not  exceed 
2,200, 4,700,  and  8,000  pg/l  respectively, 
at  any  time.  The  available  data  Indicate  , 
that  chronic  toidcity  to  freshwater 
aquatic  life  occurs  at  concentrations  as 
low  a  44  pg/1  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life 

For  total  recoverable  hexavalent 
chromium  (he  criterion  to  protect  ' 
saltwater  aquatic  life  as  derived  using  ' 
the  Guidelines  is  18  pg/l  as  a  24-hour 
average  and  the  concentration  should 
not  exceed  1,260  pg/l  at  any  time. 

For  total  recoverable  trivalent 
chromium,  the  availabe  data  indicate  ■ 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
10.300  pg/1,  and  would  occur  at  lower 
concentrations  arooung  species  that  are 
more  sensitive  than  those  tested.  No  _ 
■data  are  available  concerning  the 
chronic  toxicity  of  trivalent  diromium  to 
sensitive  saltwater  aquatic  life.  ’  ^ 

Human  Health  - 

For  the  protection  of  human  health 
from  the  toxic  properties  of  Chromium 
III  ingested  throu^  water  and 
contaminated  aquatic  organisms,  the  -- 
ambient  water  criterion  is  determined  to 
be  170  mg/1.  '  :  '  ' 

For  the  protection  of  human  health  - 
from  the  toxic  propertie's  of  Chromium 
Ul  ingested  through  contaminated  ' 

aquatic  organisms  alone,  the  ambient 
water  criterion  is  determined  to  be  3433 
mg/L  -  ■  ;  >  '  '  - 

The  ambient  water ^luality  criterion 
for  total  Chromium  VI  is  recommended 
to  be  identical  to  the  existing  drinking 
water  standard  which  is  50  pg/1. 

Analysis  of  the  toxic  effects  data 
resulted  in  a  calculated  level  which  is 
protective  of  human  health  against  the 
ingestion  of  contaminated  water  and 
contaminated  aquatic  organisms.  The 


calculated  value  Is  comparable  to  the 
present  standard.  For  this  reason  a 
aeiectiva  criterion  based  on  exposure 
solely  from  coniumption  of  8.5  grams  of 
aquatic  orgaititms  waa  not  derived. 

Copper 

fimshwater  Aquatic  LQe 

For  tqtai  recoverable  copper  the 
criterion  to  protect  freshwater  aquatic 
.life  as  derived  using  the  Guidelines  is  5J 
pgA  ea  a  24-hour  average  and  the 
concentration  (in  ;ig/I)  should  not 
exceed  the  numerical  value  given  by 
c(0M[ln(hardneat))-1.23)  at  any  time. 

For  example,  at  banlnesaes  of  50. 100, 
and  200  mgA  CaCO*  the  concentration 
of  total  recoverable  copper  should  not 
exceed  IZ  22.  and  43  pg/1  at  any  time. 

Saltwater  Aquatic  Life 

For  totel  recoverable  copper  the 
criterion  to  protect  saltwater  aquatic  life 
at  derived  using  the  Guidelinei  is  44) 
pg/1  aa  a  24-bour  average  and  the 
concentration  should  not  exceed  23  pgA 
at  any  time. 

Human  Health 

Sufiident  data  is  not  available  for  - 
copper  to'derive  a  level  which  would 
protect  against  the  potential  toxicity  of 
.  this  compound.  Using  available  . 

organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of 
ambient  water,  the  estimated  level  is  1 
mg/l.  It  should  be  recognized  that 
organoleptic  data  aa  a  baais  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Cyanide 

Freshwater  Aquatic  Life 

For  free  cjmnide  (eum  of  cyanide  ' 
present  as  HCN  and  CN~,  expressed  as 
CN]  the  criterion  to  protect  freshwater 
aquatic  life  as  derived  using  the 
Guidelines  is  3.5  pgA  •  24-hour  '  ' 
average  and  the  concentration  should 
not  exceed  52  pgA  at  any  time.  ^ 

Saltwater  Aquatic  Life ,  .  .  i 

The  available  data  for  free  cyanide 
(sum  of  cyanide  present  as  HCN  and 
,  CN~.  exprcaaad  at  CN)  indicate  that  - 
acute  toxicity  to  saltwater  aquatic  life 
-  occurs  at  concentrations  as  low  at  30 
pg/1  and  would  occur  at  lower  ^  . 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  If  the 
acute-chronic  ratio  for  saltwater 
organisms  is  similar  to  that  for 
freshwater  organisms,  chronic  toxicity 
would  occur  at  concentrations  as  low  as 
2.0  pg/l  for  the  tested  ipecies  and  at 
lower  ccncenL'ations  among  specie* 


that  are  more  sensitive  than  those 
letted. 

Human  Health 

The  ambient  water  quality  criterion 
tor  cyainde  is  recommended  to  be 
identical  to  the  existing  drinking  water 
'  atandard  which  ia  200  /tg/l  Analysis  of 
the  toxic  cBects  data  rcaulttd  in  a 
calculated  level  which  Is  protective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organiema.  The  calculated  value 
is  comparable  to  the  present  standard. 
For  thia  reason  a  selective  criterion 
base3~on  exposure  solely  from 
consumption  of  6.5  grams  of  aquatic 
organiima  waa  not  derived. 

DDT  and  Metabolites 

Freshwater  Aquatic  Life 

DDT 

For  DDT  and  its  metabolites  the 
criterion  to  protect  freshwater  equatic 
life  as  derived  using  the  Guidelines  is 
04)010  pg/1  as  a  24-hour  average  and  the 
concentration  should  not  exceed  1.1  pg A 
at  any  time. 

TDE  ■  .  - 

The  available  data  for  TDE  indicate 
that  acute  toxicity  to  freshwater  aquatic 
life  occurs  at  concentrationa  as  low  as 
0.6  pg/l  and  would  occur  at  lower 
concentrationa  among  apecies  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  TDE  to  sensitive 
freshwater  aquatic  life. 

DDE 

The  available  data  for  DOE  indicate 
that  acute  toxicity  to  freshwater  aquatic 
life  occurs  at  concentrations  as  low  as 
14)50  pgA  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  DDE  to  sensitive 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life 

DDT 

For  DDT  and  its  metabolites  the 
criterion  to  protect  saltwater  aquatic  lift 
ae  derived  using  the  Guideline!  is  0.0010 
pg/1  as  a  24-hour  average  and  the 
concentration  should  not  exceed  0.13 
'  pg/1  at  any  time.  ' 

TDE 

The  evaflable  data  for  TDE  indicate 
that  acute  toxicity  to  saltwater  aquatic 
life  occurs  at  concentrations  as  low  as 
3.6  pg/l  and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  .N'o 
date  are  available  concerning  the 
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recognized  that  organoleptic  data  a«  a 
baaia  for  eatablithing  a  watar  quality 
eritarion  have  Umitationt  and  have  no 
demonatrated  relationahip  to  potential 
adverse  human  health  effects. 

Sufficient  data  is  not  available  for  3- 
Bethyt-4-chIorophenoI  to  derive  a  level 
which  would  protect  against  the 
potential  toxicity  of  this  compound. 
Uaing  available  organoleptic  data,  for 
controlling  undesirable  Uste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  3000  >tg/L  It  should  be  :  > 
recognized  that  organoleptic  data  as  a  ! 
basis  for  establishing  a  water  quality 
criterion  have  Umftations  and  have  no 
demonstrated  relationship  to  potential  ' 
adverse  human  heal^  effects. 

Sufficient  data  is  hot  available  for  3- 
Bethyl-O>ch}orophenol  to  derive  a  level 
which  would  protect  against  the  ^ 
potential  toxicity  of  this  compound. 
Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  20  ng/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterion 
have  limitations  and  have  no  : 
demonstrated  relationship  topoteobaJ 
adverse  human  health  effecta. .  . .  ^  1, 

ChloroaDcyl  Ethars  * 

»  • 

Freshwater Aquade  Lift  il-  '—i.  ': 

The  available  data  for  dtloroalkyl 
ethers  indicate  that  acute  toxidty  to  '  r 
freshwater  aquatic  life  occurs  at  ' 
concentrations  as  low  as  238.000  pgA 
and  would  occur  at  lower  ^  ‘ 

concentrations  among  spedes  that  are 
more  sensitive  than  those  tested.  No 
definitivt  data  are  availBble  concerning 
the  chronic  toxidty  of  diloroallcyl  ethers 
to  sensitive  freshwater  aquatic  hfe.  '  - 

Saltwater  Aquatic  Life  ^ 

No  saltwater  organisms  have  been  ' 
tested  with  any  ddoroslkyi  ether  and  no 
statement  can  be  made  concerning  scute 
and  chronjo.toxidty.  -  '  • 

‘  ■  •.  -■  ^  •'  ■  v"v 

Human  Health  ,  .  .  ' 

For  tbe  maximum  protection  of  human 
health  from  the  potential  cardnogsnic 
effects  due  to  expoeure  of  biS'  -  . 
(chloromethyil-ether  through  ingestion 
of  coniamlne  ted  water  and  '-i 

contaminated  aquatic  organisms,  tiie 
ambient  water  concentration  should  be 
~  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  (he  levels  which 
may  result  in  incrementsi  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  st  10'*.  lO"*.  and  10*’.  The 
corresponding  criteria  are  .038  ng.T. 

OCjd  n.'.i.  end  .00Cj8  .ig/l.  respectiwly. 


'If  the  above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
axcludi^  consumption  of  wster.  the 
levels  arc  18.4  ng/l  IM  ng/L  and  .184 
ng/L  raapectivaly.  Other  concentrations 
representing  different  risk  lavelk  may  be 
calculated  by  use  of  the  Cuidelinea.  The 
risk  estimate  nngt  Is  presented  for  ^ 
information  purposes  and  does  not 
represent  an  Agency  Judgment  on  an 
“accepubla**  risk  UveL 
For  th^  maximum  protection  of  human 
healffi  from  the  potential  carcinogenic 
'  effecta  due  to  exposure  of  bis  (2*  : 

'  chloroeihylXether  through  Ingestion  of 
.  contaminated  water  and  contaminated 
aquatic  organisms,  tbe  ambient  water 
concentration  ahould  be  zero  based  on 
the  noo-threshold  essumption  for  thie 
chemiral  However,  zero  level  may  not 
be  attainable  at  the  present  time. 

'  Therefore,  the  levels  which  may  result  in 
-  incrementa)  locTease  of  pancer  risk  over  ' 
the  lifetime  are  estimate  at  KT*.  10~*, 
and  10“*.  Tbe  corresponding  criteria  are 
J  pg/l  JJ3  pg/l.  and  JXn  pgA- ■ 
respectively.  If  the  above  estimates  are 
'  made  for  consumption  of  aquatic 
,  organisms  only,  excluding  consumption 
^  of  water,  the  levels  are  13.6  pg/L  1.38 
• '  Mg/k  and'.138  pg/l  respectively.  Other 
concentrations  representing  different 
.  „Jisk  levels  may  be  calculated  by  use  of 
^  the  Guidelines.  Tbe  risk  estimate  range 
.  Is  presented  for  information  purposes 
' and  does  not  represent  an  Agency 
Judgment  on  an  "amptable”  risk  level 
■  .  Tor  the  protection  of  human  health 
.  from  the  taxk  properties  of  bis  (2- 
chloroisopropyl)  ether  ingested  through 
water  and  contaminated  aquatic 
orgamams,  the  ambient  water  criterion  . 
la  determined  to  be  MJ  pg/l 
/' '  For  the  protection  of  human  health 
from  the  toxic  properties  of  bis  (2- 
•  chloroisopropyl)  i^er  ingested  through  ' 
contaminated  aquatic  organisms  alone. 

<•  the  ambient  water  criterion  is 
determined  to  be  4  J6  mg/L  * 

Chlorafoim 
^  • 

Freshwater  Aquatic  Life 

•  ■  Tbe  available  data  for  choloroform 
indicate  that  aente  toxicity  to  freshwater 
'^aquatic  fife  occurs  at  concentrations  as 
''low  as  28.900  pg/L  and  would  occur  at 
lower  concentretions  among  spedes 
that  are  more  sensitive  than  the  three 
tested  species.  Twenty-seven-day  LCSO 
values  indicate  that  chronic  toxidty 
occurs  at  concentrstions  es  low  as  1.240 
pg/l  and  could  occur  at  lower 
concentrations  among  spedes  or  other 
life  stages  that  are  more  sensitive  than 
the  earliest  life  cyxie  stage  of  the 
rainbow  trocL 


Saltwater  Aquatic  Life 

The  data  base  for  saltvvater  spedes  I 
limited  to  one  test  and  no  statement  cat 
be'made  concerning  acute  or  chronic 
toxicity. 

Human  Health 

For  the  maximum  protection  of  bume 
health  from  the  potential  carcinogenic 
'  effects  due  to  exposure  of  chloroform 
through  ingestion  of  contaminated  watc 
and  contaminated  aquatic  organisms, 
tbe  ambient  water  concentration  should 
.be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  Jtaay  not  be  attainable  at  tbe 
present  time.  Therefore,  the  levels  whic 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  ItT*.  ItT*.  and  ItTl  The 
-  comspbnding  criteria  are  1.90  pg/l  .19 
pg/L  1^  X>19  pg/l.  respectively.  If  the 
above  estimates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  157  pg/l  15.7  pg/l  and  1.57 
pg/l  respectively.  Other  concentrations 
representing  different  risk  levels  may  b< 
calculated  by  us'e  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
information  purposes  and  does  not 
represent  an  Agency  Judgment  on  an 
“acceptable"  risk  level 

2-ChlorDpbenol 

F^hwoter  Aquatic  life 

The  availabe  data  for  2-chlorophenol 
'  indicate  that  acute  toxidty  to  Ireshwate 
aquatic  life  occurs  at  concentrations  as 
low  as  4.380  pg/l  and  would  occur  at 
lower  concentrations  among  species 
that  are  more  sensitive  that  those  tested 
No  definitive  data  are  available 
concerning  the  chronic  toxicity  of  2- 
'  cbloropbenol  to  sensitive  freshwater 
aquatic  life  but  flavor  impairment  oemu 
in  one  species  of  fish  at  concentrations 
as  low  as  2,000  pg/l 

'Saltwater  Aquatic  Life 

No  saltwater  organisms  have  been 
tested  with  2-chlorophenol  and  no 
statement  can  be  made  concerning  ecui 
and  chronic  toxidty. 

Human  Health ' 

■  Suffideot  data  is  not  available  for  2- 
chJoropbeno)  to  derive  a  level  which 
woiDd  protect  against  the  potential 
toxidty  of  thia  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimatec 
level  is  0.1  pg/l.  It  should  be  recognizei 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  iiaiiar.oni  ar.d  have  no 
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more  sensitive  than  those  tested.  No 
data  are  available  concerning  the 
chronic  toxicity  of  chlorinated 
naphthalenes  to  sensitive /reshwa ter 
aquatic  life.  ' 

Saltwater  Aquatic  Life  , 

The  available  data  for  chlorinated 

'  napthalenes  indicate  that  acute  toxidty 
to  saltwater  aquatic  life  occurs  at 
concentrations  as  low  as  fig/]  and 
would  occur  at  lower  concentrationa 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of 
chlorinated  naphthalenes  to  sensitive 
saltwater  aquatic  life 

Human  Health  _ 

Using  the  present  guidelinee  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  chlorinated 
napthalenes.  ^ . 

Chlorinated  Phenols  .  %  ' 

Fresh  water  Aquatic  Life 

The  available  freshwater  data  for 
chlorinated  phenols  indicate  that 
toxicity  generally  increases  with  * 

increasing  chlorination,  and  that  sente 
toxicity  occurs  at  concentrations  as  low 
as  30  ftg/l  lor  4-chlorO'3-methylphenoI  to 
greater  than  500.000  >ig/l  for  other 
compounds.  Chronic  toxicity  occurs  at 
concentrations  as  low  as  970  fig/l  for 
Z.4.5-trichlorophenol.  Acute  and  chronic . 
toxidty  would  occur  at  lower  . 

concentrations  among  spedes  that  are 
more  sensitive  than  those  tested. 

Saltwater  Aquatic  Life  '  '  ■  [' 

.  The  available  saltwater  data  for 
chlorinated  phenols  indicate  that 
toxidty  generally  increases  with  . 
increasing  chlorination  and  that  acute 
toxidty  occurs  at  concentrations  as  low 
as  440  pg/1  for  2.3.5,6-tetrachloropbenol  . 
and  29.700  pg/1  for  4*chlorophenol. 

Acute  toxidty  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concerning  the  - 
chronic  toxicity  of  chlorinated  phenols 
to  sensitive  saltwater  aquatic  life.  .  „ 

Human  Health  _  i,'X.  •?''  ■ 

SufRdent  data  is  not  available  for  3-  ■ 
monochlorophenol  to  derive  a  level 
which  would  protect  against  the 
potential  toxicity  of  this  compound.  - 
Using  available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  esUmated 
level  it  0.1  pg/1.  It  should  be  recognised 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
he%e  r.-r.itetions  and  have  no 


demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Suffident  data  is  not  available  for  4* 
monochlorophenol  to  derive  a  level 
which  would  protect  against  the 
..  potential  toxidty  of  this  compound. 
Using  available  organoleptic  data,  for ' 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
Uvcl  is  0.1  fig/l.  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no  .  — 

demoiutrated  relationship  to  potential 
adverse  human  health  effects. 

SufBdcnt  data  is  not  available  for  2.3- 
dichlorophenol  to  derive  a  level  which  . 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quaUty  of  ambient  water,  the  estimated 
level  is  i>4  pg/L  It  should  be  recognized 
.  that  organoleptic  data  as  a  basis  for  , 
establishing  a  water  quality  criteria 
have  limitatioiu  and  have  no 
demonstrated  relationship  to  potential 
-  adverse  human  health  effects. 

Sufficient  data  is  not  available  for  2.5- 
dichlorophenol  to  derive  a  level  which 
would  protect  against  the  potential 
toxidty  of  this  compound.  Using  - 
available  organoleptic  data,  for 
controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
.  level  is  .5  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  ffave  no 
demoitstrated  relabonsbip  to  potential 
adverse  human  health  effects.  '' 

Suff cieot  data  is  not  available  for  2.6- 
dichiorophenol  to  derive  a  level  which 
would  protect  against  the  po.tential 
toxicity  of  this  compound.  Using  . 

.  available  organoleptic  data,  for  ~  ' 
~  conboUing  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  it  .2  pg/L  It  should  be  recognized 
that  organoleptic  data  at  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
'  demonstrated  relationship  to  potential 
adverse  human  health  effects. 

Sufficient  data  is  not  available  for  3,4- 
dichloFopbenol  to  derive  a  level  which 
would  protect  against  the  potential  ■ 
r  toxidty  of  this  compound.  Using 
available  organoleptic  data,  for  . , 

.  controlling  undesirable  taste  and  odor 
quality  of  ambient  water,  the  estimated 
level  is  J  pg/L  It  should  be  recognized 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potential 
adverse  human  health  effects 
Sufficient  data  is  not  available  for 
2.3  4 Metrachlorophe.nDl  to  derive  a 


level  which  would  pro'ect  against  thi 
potential  toxicity  of  this  compound. 
Using  svailsble  organoleptic  data,  fo 
controlling  undesirable  taste  and  ode 
quality  of  ambient  water,  the  estimat 
level  is  1  pg/L  It  should  be  recognize 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criteria 
have  limitatioiu  and  have  no 
demonstrated  relationship  to  potentii 
adverse  human  health  effects. 

For  comparison  purposes,  two 
approaches  were  used  to  derive 
criterion  levels  for  2,4.5-trichlorophei 
Based  on  available  toxicity  data,  for 

[trotection  of  public  health,  the  derivi 
evcl  is  2.6  mg/L  Using  available 
organoleptic  data,  for  controlling 
tmdesirable  taste  and  odor  quality  ol 
ambient  water,  the  estimated  level  is 
pg/L  It  should  be  recognized  that 
organoleptic  data  as  a  basis  for 
-  establishmg  a  water  quality  criteria 
have  limitations  and  have  no 
demonstrated  relationship  to  potentii 
adverse  human  health  effects. 

For  the  maximum  protection  of  hui 
health  from  the  potential  carcinogeni 
effects  due  to  exposure  of  2.4.6- 
trichlorophenol  through  ingestion  of 
contaminated  water  and  contaminati 
aquatic  organiams,  the  ambient  wate 
concentration  should  be  zero  based  ( 
the  non-threshold  assumption  for  thii 
chemicaL  However,  zero  level  may  n 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  resu 
incremental  increase  of  cancer  risk  o 
the  lifetime  are  estimated  at  10*'.  10' 
and  10*'.  The  corresponding  criteria 
12  pg/L  1.2  pg/L  and  .12  pg/1 
respectively.  If  the  above  estimates  i 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumpt 
of  water,  the  levels  are  36  pg/L  3.6  p 
ud  .36  pg/L  respectively.  Other 
concentrations  representing  differen 
risk  levels  may  be  calculated  by  use 
the  Guidelines.  The  risk  estimate  ra; 
is  presented  for  information  purpose 
and  does  not  represent  an  Agency 
Judgment  on  an  “acceptable"  risk  le 
Using  available  organoleptic  data 
controlling  undesirable  taste  and  od 
quality  of  ambient  water,  the  estima 
level  is  2  pg/L  It  should  be  recognizi 
that  organoleptic  data  as  a  basis  for 
establishing  a  water  quality  criterio 
have  limitations  and  have  no 
demorutrated  relationship  to  potent 
adverse  human  health  effects 
Sufficient  data  is  not  available  fo 
methyl-4-chloropheno1  to  derive  a  W 
which  would  protect  against  any 
potential  toxicity  of  this  compound. 
Using  available  organoleptic  data.  I 
controlling  undesirable  taste  and  o( 
quality  of  ambient  water,  the  estim. 
level  is  1600  pp  '1.  It  should  be 
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at  tbit  time  due  to  the  InsuRidencjr  In 
the  available  data  for  trichlorobenzeoe. 

For  comparison  purposes,  two 
approafbes  wcra  used  to  derive 
criterion  levels  for  monocUorobenzene. 
Based  on  available  toxicity  data,  for  the 
protection  of  public  health,  the  derived 
level  is  488  /ig/L  Using  avaflable.  ' 
organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality  of  ' 
ambient  water,  the  estimated  level  is  20 
Mg  A  It  should  be  recognized  that 


diemical.  However,  zero  level  may  ncn 
be  attainable  at  the  present  time.  ~ 
Therefore,  the  levels  which  mey  result  in 
incrementat  Increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  ICT*.  KT*. 
and  10~l  The  corresponding  criteria  are 
8.4  pgA  -84  pg/l  and  .004  pg/L 
respectively,  the  above  estimates  are  - 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  2.430  pgA.  243 
pg/l  and  24J  pg/I  respectively.  Other 


orcanoleptic  data  as  a  basis  for  concentre  Hons  representing  different 


esUbUshing  a  water  quaUty  criteria  "  "  *l«k levels  may  be  calculated hy  use  of 
have  limitations  and  have  no  ■  the  Guidelines.  The  nsk  estimate  range  _ 

demonstrated  relationship  to  potential  ‘ presented  for  information  purposes 
adverse  human  health  effects.  '  ,  ,  and  does  not  represent  an  Agenw 

-  -  i  Judgment  on  an  “acceptable*' risk  leveL 

Chloimated-Etbanes  *  •  _  ' .  •  protection  of  human  health 

Freshwater  AquaUcUfe  -  ■  from  the  toxic  properties  of  1.1.1- 

—  ....  t  I  -  .  tnchloroethane  ingested  through  water 

Tlxe  tvailADit  freshwater  data  for  cootaniinated  aquatic  organism,  the 

chlorinated  ethanes  indicate  that  "  ambient  water  criterion  is  determined  to 
toxicity  increases  greatly  with  l»aie.4ing/L 

increasing  chlorinatioa  and  that  acute  Por  protection  of  human  health 
toxicity  occurs  at  concentrations  as  low  jjje  toxic  properties  of  l.lJL,-tri- 

as  118,000  pg/l  for  1.2-dichloroethane.  chloroethane  ingested  through 
18.000  pg/l  for  two  trichloroethanes,  ■  ^ .  contaminated  aquatic  organisms  alone. 
9.320  Mg/1  for  two  tetrachloroelhanes.  '  .the  ambient  wafer  criterion  is 
7J40  itg/\  lot  pentachloroethane.  and  ;  determined  to  be  1.03  g/L 
080  Mg/I  fo^  hexachloroethane.  Chronic  .  Poe  the  minriiTnim  protection  of  human  > 
toxicity  occurs  at  concentrationa  as  low  health  from  the  potential  carcinogenic 
as  20.000  Mg/I  forl.2-dichloroethane,  •  affects  due  to  exposure  of  1.1.2- 
0.400  Mg/1  for  1.1.2-trichloroethane.  2.400  tzichloroethane  through  ingestion  of 
Mg/rfor  1,1.2.2,-tetrachioroethane.  UOO  -  ^  contaminated  water  and  contaminated 
Mg/1  for  pentachloroethane.  and  540  aquatic  organisms,  the  ambient  water 

for  hexachloroethane.  Acute  and  '  V;;}v  conceatratiou  ahould  be  zero  based  on 

chronic  toxicity  would  occur  at  lower  (he  noo-thresbold  assumption  for  this  ' 
concentrations  among  species  that  are^  -  ^  chemicaL  However,  zero  level  may  not 
more  sensitive  than  those  tested.  —A  be  attainable  at  the  present  time. 

;  ,v-  -  •’  ■  ■■  '  Therefore,  the  levcis  which  may  result  in 


more  sensitive  than  those  tested.  —  ~ 
Saltwater  Aquatic  Life .  ~  '  .  .-  T  .  r.-i 

The  available  salrivater  data  for  - 
chlorinated  ethanes  indicate  that  '  ‘ . 
toxicity  increases  greatly  wlh  ^  ^ 

increasing  chlorination  and  that  acute 
toxidty  to  fish  and  invertebrate  spedes  * 
occurs  at  concentration  as  low  as  ' 
113.000  Mg/I  for  1.2-didi)oroeihene,  ' 
31.200  Mg/i  for  1,1.1-trichloroetbane.  *  * 

8.020  Mg/i  for  l.lwU-tetracfalorocthane.'  ' 
390  Mg/I  for  penlachloroethaDe;  and  940 
.  Mg/I  for  hexachloroethane.  Chronic  ' 


incremental  increasa  of  cancer  risk  over 
the  lifetime  are  estimated  at  10'*,  10'*, 
and  10~’rThe  correspoDdins  criteria  are 
8.0  Mg/l.  A  Mg/1<  Mi^  ■ 

respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption  - 
of  water,  the  levels  ere  418  pg/l  41.8  ' 
Mg/1.  end^4.18  Mg/1  respectively.  Other 
concentr^ons  representing  different 
risk  levels  may  be  calculated  by  use  of 
"  the  Guidelines.  The  risk  estimate  range 


toxidty  occurs  at  concentrations  as  knv'j  is  presented  for  information  purposes 


as  281  Mg/1  for  pentachloroethane.  Acute' 
and  chronic  toxidty  would  occur  at  ' 
lower  concentrations  among  spedes". 
that  arc  mors  sensitive  than  thoaa 
tested.  :  - 

Human  Health  ..  .  .  -v'  . 


For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  1.2-di- 
chloroethane  through  ingestion  of  ~  " 

contaminated  water  and  contaminated 
aquatic  organisms,  the  ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  assumption  for  this 


and  does  not  represent  an  Agency 
Judgment  on  an  “acceptable"  risk  level 
_  For  die  mairtmiim  protection  of  human 
'  health  from  the  potential  carcinogenic 
effects  due  to  exposure  oT  l,1.2J2-tetra- 
3  chloroethane  throu^  ingestion  of 
contaminated  water  and  contamuiated 
aquatic  organisms,  the.ambient  water 
concentration  should  be  zero  based  on 
the  non-threshold  asstunption  for  this 
chemical.  However,  zero  level  may  not 
■-  be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incrnnentai  increase  of  cancer  risk  over 
the  lile'jme  are  estimated  et  ICT*.  10'*, 


and  10~*.  The  corresponding  criteria  are 
1.7  Mg/1.  A7  Mg/l  and  .017  pgfl 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
of  water,  the  levels  are  107  Mg/l  10.7 
Mg/l  end  li>7  Mg/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
end  does  not  represent  an  Agency 
Judgment  on  an  “acceptable"  risk  level 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  bexe- 
chloroetfaane  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisnu.  the  ambient  water 
concentration  should  be  zero  based  on 
the  noo-thresbold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  ICT*.  10'*. 

'  and  10~*,  The  corresponding  criteria  are 
19  Mg/l.  1.9  Mg/k  and  .19  Mg/l. 
respectively.  If  the  above  estimates  are 
made  for  consumption  of  aquatic 
organisms  only,  excluding  consumption 
“of  water,  the  levels  are  87.4  Mg/k  8-74 
Mg/k  end  .87  pg/l  respectively.  Other 
concentrations  representing  different 
risk  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  Agency 
judgment  on  an  "acceptable"  risk  leveL 

Using  the  pment  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  iosu^ciency  in 
the  available  data  for 
monochloroethane. 

Using  the  present  guidelines,  a 
satisfactory  oiterion  cannot  be  derived 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  1.1,- 
dichJoroetbane. 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  denved 
at  this  time  due  to  the  insufficiency  in 
the  available  data  for  1.1.1,2- 
tetrachioroethane. 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  derived 
at  this  time  due  to  the  insuffideocy  in 
the  available  data  for  v 
pentachloroethane. 

Chlorinated  Naphthalenes 

Freshwater  Aquatic  Life 

The  available  data  for  chlorinated 
naphthalenes  indicate  that  acute 
toxicity  to  freshwater  aquatic  life  occurs 
at  coocentratlons  as  low  as  1.600  Mg/l 
and  would  occur  at  lower 
concentrations  aneng  species  thel  are 


J-27 


Federal  Register  /  Vol.  45.  No.  231  /  Friday,  November  28.  3980  /  Notices 


by  e**'**  1 24-bour 

average  and  the  concentration  (in  ttgfl] 
should  not  exceed  the  numerical  value 
given  by  f**’**  at  any 

time.  For  example,  a  hardnettea  of  50, 

100,  and  200  mg/1  as  CaCOi  the  diteria 
are  0.012. 0025,  and  0.051  ms/L 
respectively,  and  the  concentration  of 
totu  recoverable  cadmium  should  not 
exceed  10.  SO  and  60  fig/L  respectively, 
at  any  time. 

Saltwater  Aquatic  Life 

For  total  recoverable  cadmium  the 
criterion  to  protect  saltwater  aquatic  life 
as  derived  using  the  Guidelines  Is  4.5 
>tg/l  as  a  24-hour  average  and  the 
concentration  should  not  exceed  59  ^g/I  * 
at  any  time. 

Human  Health 

The  ambient  water  quality  criterion 
tor  cadmium  is  reconu^ended  to  be 
identical  to  the  existing  drinking  water 
standard  which  is  10  pg/L  Analysis  of 
the  toxic  effects  data  resulted  in  a 
calculated  level  which  is  protective  of 
human  health  against  the  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms.  The  calculated  value 
is  comparable  to  the  present  standard. 

For  this  reason  a  selective  criterion 
based  on  exposure  solely  from 
consumption  of  6.5  grams  of  aquatic 
organisms  was  not  derived.  '  -  ~ 

Carbon  Tetrachloride  '  . 

Freshwater  Aquatic  Life  i 

-  The  available  date  for  carbon 
tetrachloride  indicate  that  acute  toxicity 
to  freshwater  aquatic  life  occurs  at 
concentrations  as  low  as  35.200  pg/1  and 
would  occur  at  lower  concentrations 
among  species  that  are  more  sensitive 
than  those  tested.  No  data  are  available 
concerning  the  chronic  toxicity  of. 
carbon  tetrachloride  toaeruitive  '  ' 
freshwater  aquatic  life. 

Saltwater  Aquatic  Life  '  ' 

The  available  data  for  carbon 
tetrachloride  indicate  that  acute  toxicity 
to  saltwater  aquatic  life  occurs  at 
.concentrations  as  low  as  50,000  pg/1  and 
would  occur  at  lower  concentratiotu 
among  species  that  are  more  sensitive 
that  those  tested  No  data  are  available 
concerning  the  chronic  toxidty  of  ■ 
carbon  tetrachloride  to  sensitive-  '  ' 
saltwaterequatic  life.  ■' 

Human  Health  '  “  >  --  *■ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic, 
effects  due  to  exposure  of  carbon 
tetrachloride  through  ingestion  of 
contaminated  water  and  contaminated 
aquatic  organisms  the  ambient  water 
concentration  should  be  zero  based  on 


the  non-threshold  assumption  for  this 
chemical.  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  which  may  result  in 
Incremental  Increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10~*,  10~*. 
and  VS~\  The  corresponding  criteria  are 
4.0pg/L  -40  pg/L  and  SA  pg/L 
respectively,  if  the  above  estimates  are 
made  for  coirsumption  of  aquatic 
organisms  only,  excluding  eoruumption 
of  water,  the  levels  are  68.4  pg/L  6M 
pg/L  and  .89  pg/L  respectively.  Other 
concentratioTU  representing  different 
z.ak  levels  may  be  calculated  by  use  of 
the  Guidelines.  The  risk  estimate  range 
is  presented  for  information  purposes 
and  does  not  represent  an  A^ncy 
judgment  on  an  “acceptable”  risk  leveL 

Chlordane 

Freshwater  Aquatic  Life 

For  chlordane  the  criterion  to  protect 
freshwater  aquatic  life  as  derived  using 
the  Guidelines  is  0JX>43  pg/1  as  a  24- 
hour  average  and  the  concentration 
should  not  exceed  2.4  pg/1  at  any  time. 

Saltwater  Aquatic  Life  '* 

'  For  chlordane  the  criterion  to  protect  ' 
saltwater  aquatic  life  as  derived  using 
the  Guidelines  is  0.0040  pg/1  as  a  24- 
hour  average  and  the  concentration 
^ould  not  exceed  0.09  pg/1  at  any  time. 

Human  Health  .  .  ^  ’ 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due. to  exposure  of  chlordane 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
the  ambient  water  concentratioD  should 
be  zero  based  on  the  non-threshold 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  leveb  which 
may  result  In  incremental  increase  of 
cancer  risk  over.the  lifetime  are 
estimated  at  10"*,  10"*,  and  10"*,  The 
corresponding  criteria  are  4.6  ng/L  ,46 
ng/L  and  MG  ng/L  respectively.  If  the^ 
above  estimates  are  made  for . 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  4  6  ng/L  .48  ng/l,  and  iMB  ng/ 

L  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  by  use  of  the  Guidelines.  The 
risk  estimate  range  is  presented  for 
(hformation  purposes  and  does  not 
represent  an  Agency  judgment  on  ah 
"acceptable"  risk  level. 

ChlorinaMi^  Benzenes 

Freshwater  Aquatic  Life 

The  available  data  for' chlorinated 
benzenes  indicate  that  acute  toxicity  to 
freshwater  aquatic  Ufe  occurs  at 


concentrations  as  low  as  250  pgi 
would  occur  at  lower  concentrat 
among  species  that  are  more. sen 
than  those  tested.  No  data  are  at 
concerning  the  chronic  toxicity  o 
more  toxic  of  the  chlorinated  bet 
to  sensitive  fresbyvaler  aquatic  I 
'toxidty  occurs  at  concentrations 
as  60  pg/I  for  a  fish  spedes  expo 
7  J  days. 

Saltwater  Aquatic  Life 

The  available  data  for  chlorini 
benzenes  indicate  that  acute  and 
chronic  toxidty  to  saltwater  aqu 
occur  at  concentrations  as  low  a 
and  128  pg/L  respectively,  and  « 
occur  at  lower  concentrations  an 
spedes  that  are  more  sensitive  tl 
those  tested. 

Human  Health 

For  the  maximum  protection  ol 
health  from  the  potential  cardno 
effects  due  to  exposure  of 
hexachlorobenzene  through  ingei 
contaminated  water  and  contam 
aquatic  organisms,  the  ambient  % 
concentration  should  be  zero  bas 
the  non-threshold  assumption  foi 
chemical  However,  zero  level  mi 
be  attainable  at  the  present  time. 
Therefore,  the  levels  whic^  may : 
incremental  increase  of  cancer  li 
the  lifetime  are  estimated  at  10"' 
and  10*1  The  corresponding 
recommended  criteria  are  7Jt  ag) 
ng/L  and  X(T2  ng/L  respectively,  i 
above  estimates  are  made  for 
consumption  of  aquatic  organism 
excluding  consumption  of  water, 
levels  are  7.4  ng/L  J4  ng/l.  and  .( 
L  respectively. 

For  the  protection  of  human  he 
from  the  toxic  properties  of  1.2.4. 
tetrachlorobenzene  ingested  thro 
water  and  contaminated  aquatic 
organisms,  the  ambient  water  cri 
is  determined  to  be  36  pg/L 

For  the  protection  of  human  he 
from  the  toxic  properties  of  1.2.4.i 
tetrachlorobenzene  ingested  thro 
contaminated  aquatic  organisms 
the  ambient  water  criterion  is 
determined  to  be  48  pg/1. 

For  the  protection  of  human  he 
from  the  toxic  properties  of 
pentachlorobenzene  ingested  thn 
water  and  contaminated  aquatic 
organisms,  the  ambient  water  crii 
is  determined  to  be  74  pg/1. 

For  the  protection  of  human  he 
from  the  toxic  properties  of 
pentachlorobenzene  ingested  thn 
contaminated  aquatic  organisms 
the  ambient  water  criterion  is 
determined  to  be  85  pg/1. 

Using  the  present  guidelines,  a 
satisfactory  criterion  cannot  be  d 
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art  available  concerning  the  chronic 
toxicity  of  toxaphene  to  sensitive 
saltwater  aquatic  life. 

Human  Health 


For  the  maximuin  protection  of  human 
health  from'  the  potential  carcinogenic 
effects  doe  to  et^oture  of  toxaphene 
thtou^  Ingestion  of  contaminated  water 
and  contaminated  aquatic  organiama, 
the  ambient  water  concentradon  should 
be  zero  based  on  tbe  non-threshbld 
assumption  for  this  chemical  However, 
zero  level  may  not  be  attainable  at  the 
present  time.  Therefore,  the  levels  which 
may  result  in  incremental  increase  of 
cancer  risk  over  the  lifetime  are 
estimated  at  10"*,  10“*.and  KTlThe 
corresponding  criteria  an  7.1  ng/L  .71  - 
ng/L  and  SJ7  ng/L  respectively.  If  the 
above  estiniates  are  made  for 
consumption  of  aquatic  organisms  only, 
excluding  consumption  of  water,  the 
levels  are  7.3  ng/l  <73  ng/l  and  .07  ng/l 
respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
calculated  1^  use  of  the  Guidelines.  The 
risk  estimate  range  Is  presented  for  - 
information  purposes  and  does  not 
represent  an  Agency  judgment  on  an 
“acceptable"  risk  level 


Trichloroethylene 


Fteshwater  Aquatic  Ufe^  '<:■■■■ 

The  available  data  for  ■ 

trichloroethyiene  indicate  that  acute  - 
toxicity  to  freshwater  aquatic  life  occurs 
at  concentrations  as  low  as  45.000  ^g/1 
and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No 
data  are  available  concenung  the 
chronic  toxicity  of  trichloroe^ylene  to 
aensitive  freshwater  aquatic  life  but 
adverse  behavioral  effects  occurs  to  one 
species  at  concentrations  as  low  as 
21.900 pg/U.  -  "  "  >  -  - 

•  V 

Saltwater  A  qua  tic  Life  - 


The  available  data  for  '  - 

trichloroethylene  Indicate  that  acute' 
toxicity  to  saltwater  aquatic  life'occors 
at  concentrations  as  low  as  2,000  pg/1 
and  would  occur  at  lower 
concentrations  among  species  that  are 
more  sensitive  than  those  tested.  No  ^ 
data  are  available  cxmceming  the  ' 
chronic  toxicity  of  tricUoroeffiylene  to  ,/ 
aensitive  saltwater  aqnatic  Ufe.^ 


Human  Health 


For  the  maximnm  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  exposure  of  - 
trichloroethylene  through  ingestion  of 
contaminated  water  and  contaminated 
aqustic  organisms,  the  ambient  water 
concentration  should  be  zero  based  or. 


tbe  non-threshold  assumption  for  this 
chemical  However,  zero  level  may  not 
be  attainable  at  the  present  time. 
Therefore,  the  levels  wdiicb  may  result  in 
incremental  increase  of  cancer  risk  over 
the  lifetime  are  estimated  at  10'*,  10~*. 
and  10*  I  Tbe  corresponding  criteria  are 
27  pg/l  7J  and  XJ  pg/L 
respectively.  If  the  above  estimates  are 
made  tor  consumption  of  aquatic 
organlims  only,  lauding  consumption 
of  water,  the  levels  are  B07  pg/l  80.7 
pgA.  end  8.07  pg/l  respectively.  Other 
concentrations  representmg  different 
risk  levels  may  be  calculitad  by  use  of 
'  tbe  Guidelines.  Tbe  risk  estimate  range 
is  presentee  for  infonnation  piloses  . 
and  does  not  represent  ah  A^hcy 
Judgment  on  an  “acceptable"  risk  level 

Vinyl  Chloride 

Freshwater  Aquatic  Life 

No  freshwater  organisms  have  been 
tested  with  vinyl  chloride  and  no 
statement  can  be  made  coDceming  acute 
or  chronic  toxicity. 

Saltwater  Aquatic  Life  ■ 

^No  saltwater  organisms  have  been 
tested  with  vinyl  boride  and  no 
statement  can  be  made  concerning  acute 
or  chronic  toxidty.  ^ 

Human  Health  '  ; 

For  the  maximum  protection  of  human 
health  from  the  potential  carcinogenic 
effects  due  to  e^^sure  vf  vinyl  diioride 
through  ingestion  of  contaminated  water 
and  contaminated  aquatic  organisms, 
-the  ambient  water  concentration  should 
be  zero  based  on  the  non-threahold 
assumption  for  this  chemical.  However, 
zero  level  may  not  be  attainable  at  the 
'  present  time.  Therefore,  tbe  levels  which 
may  result  in  incremental  incraase  of 
cancer  risk  over  tbe  lifetime  are 
estimated  at  10**,  10**,  and  10*’.  Tbe  ' 
corresponding  criteria  are  20  pg/l  ZJO 
pg/l  and  .2  pg/l  respectively.  If  tbe 
~  above  estimates  are  made  for 
coosomption  of  squetic  organisms  only, 
excludi^  consumption  of  watei,  the  , 
levels  are  51246  pg/l  525  pg/l.  and  52.5 
pg/l  respectively.  Other  concentrations 
representing  different  risk  levels  may  be 
.  calculated  by  use  of  tbe  Guidelines.  Tbe 
risk  estimate  range  represented  for 
Information  purposes  and  does  not  - 
represent  an  Agency  Judgment  on  an 
“acceptable"  risk  level  '  - 

Zinc  r,  , 

Freshwater  Aqaatic  Life 

For  total  recoverable  zinc  the  criterion 
to  protect  freshwater  aquatic  life  as 
derived  using  the  Guidelines  is  47  pg/l 
as  a  24-hour  average  and  the 
concectration  (in  pg/l}  should  not 


exceed  the  numerical  value  gi 

^l»B  (te  (W«Ma)|  *  I  W 

example,  at  hardnesses  of  Sa 
200  mg/1  as  CaCO*  the  concer 
total  recoverable  zinc  should  i 
180.  320,  and  570  pg/l  at  any  t 

Saltwater  Aquatic  Life 

For  total  recoverable  zinc  tl 
to  protect  aaltwater  aquatic  Ui 
derived  using  the  Guidelines  i 
as  a  24'bour  average  and  the 
concentration  should  not  exce 
1  at  any  time. 

Human  Health 

Sufficient  data  is  not  availe 
zinc  to  derive  a  level  which  w 
protect  against  the  potential  li 
this  compound.  Using  availabl 
organoleptic  data,  for  control! 
undesirable  taste  and  odor  qu 
ambient  water,  the  estimated 
mg/1.  It  should  be  recognized  i 
organoleptic  data  as  a  basis  ft 
‘  establislting  a  water  quality  a 
have  limitations  and  have  not 
demonstrated  relationship  to  ] 
adverse  human  health  effects. 

Appendix  B — Guidelines  for  E 
Water  Quality  Criteria  for  the 
of  Aquatic  life  and  Its  Uses 

Introduction 

This  version  of  the  Cuidelin 
provides  clarifications,  additic 
details,  and  technical  and  edit 
changes  in  the  last  version  pul 
the  Federal  Register  [44  FR  15 
15, 1979}].  This  version  incorp 
changes  resulting  from  commi 
previous  versions  and  from  e> 
gained  during  U.5.  EPA'i  use  i 
previous  versions.  Future  ven 
Guidelines  wiU  Incorporate  d< 
and  data  at  their  uaefuhiess  ii 
demonstrated. 

Criterie  may  be  expressed  I 
forms.  The  numerical  form  is 
used,  but  descriptive  and  pnx 
forms  can  be  used  if  numerici 
are  not  possible  or  desirable, 
purpose  of  these  Guidelines  i 
describe  an  objective,  interns 
consistent  and  appropriate  w 
deriving  numeric^  water  qni 
for  the  protection  of  the  uses 
as  the  presence  of,  aquatic  oi 

A  numerical  criterion  migh 
thought  of  as  an  estimate  of  I 
concentration  of  a  substance 
wb'th  does  not  present  a  tigi 
to  the  aquatic  organisms  in  tl 
and  their  uses.  Thus  the  Guic 
intended  to  derive  criterie  w 
protect  aquatic  communities 
protecting  most  of  the  specie 
uses  most  of  the  time,  but  no 
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Summary  of  the  Environmental  Protection  Agency 
Suggested  No  Adverse  Response  Level 
(snarl)  for  Trichloroethylene 


Append i 


In  the  absence  of  a  formal  drinking  water  ttandard  for  trichloroethylene  (TCE),  the  Office 
Drinking  Water,  the  Environmental  Protection  Agency  (EPA)  has  estimated  a  "suggested  no  advers 
response  level"  (SNARL)  following  the  concepts  in  toxicology  for  noncarcinogenic  risk  for  shor 
and  long-term  exposures.  EPA  also  has  estimated  risks  of  carcinogenic  effects  resulting  from 
lifetime  exposures,  using  a  model  from  the  National  Academy  of  Sciences  Report  titled  Drinkin 
Water  and  Health  (1977).  However,  SNARLs  are  given  on  a  case-by-case  basis  in  emergency  situa¬ 
tions  such  as  apills  and  accidents.  The  SNARL  calculations  for  short-term  and  chronic  exposui 
do  not  reflect  the  possible  carcinogenic  risk  that  may  result  from  those  exposures.  In  additi 
SNARLs  usually  do  no{  consider  the  health  risk  resulting  from  possible  synergistic  effects  of 
ocher  chemicals  in  drinking  water,  food,  and  air. 

If  the  lung/whole  body  ratios  for  humans  (adults)  and  rats  (adults)  are  roughly  equivalent 
Che  total  lifetime  dose  of  TCE  can  be  determined  and  a  long-term  SNARL  can  be  calculated  to  be 
approximately  75  ug/1  (rounding  upward)  when  Che  principal  source  of  TCE  is  assumed  to  be  fron 
drinking  water.  The  calculations  are: 


(300  mg/m3)  8  m^^  day  (5)  (1)  (0.30) 

(I  licer/day)  TTJ  TTJ  ( lOOO) 

Where: 

300  mg/ffl^  *  minimum  effect  level  of  TCE 


73.5  ug/1 


fl  m^/day 


m  amount  of  air  inhaled  per  day 


5/7 


■  fraction  converting  from  5-  to  7-day  exposure 


1/7 


child/adulc  body  weight  ratio 


0.30 


fraction  of  TCE  absorbed  from  ingestion 


1  liter/day 


■  water  consumption  per  day  by  a  child 


1000 


■  uncertainty  factor  due  to  animal  study 
where  minimal  effect  was  reported 


In  cases  where  drinking  water  is  assumed  to  account  for  only  a  portion  of  Che  total  expose 
say  20Z,  of  Che  TCE  intake,  Chen  the  SNARL  value  would  become  IS  ug/l;  however,  the  7S-ug/l  Sf 
would  ordinarily  be  appropriate, 

A  chronic  SNARL  approximately  equivalent  to  75  ug/1  can  be  justified  on  Che  basis  that  the 
long-term  exposure  to  low  doses  of  TCE  probably  does  not  bioaccumulate  any  more  over  a  lifetio 
than  it  does  in  3-d  months.  The  SNARL  was  calculated  for  children,  not  adults,  thus  providing 
somewhat  larger  safety  margin. 

Since  TCE  is  a  carcinogen,  at  least  for  mice,  by  using  the  risk  estimates  generated  by  the 
National  Academy  of  Sciences  (NAS),  EPA  has  estimated  that  consuming  2  liters  of  water/day  ui: 
TCE  concentration  of  4.5  ug/l  during  a  lifetime  would  increase  the  incidence  of  cancer  by  one 
million  persons  exposed.  This  is  the  same  range  of  risks  as  determined  for  ocher  carcinogens. 

These  risk  extrapolations  were  based  on  the  assumption  that  there  is  no  threshold  level  fc 
carcinogens.  At  the  present  time,  there  are  no  experiioental  tools  that  can  accurately  define 
absolute  ntnbers  of  excess  cancer  deaths  attributable  to  TCE  in  drinking  water. 

The  EPA  concluded  that,  based  on  noncarcinogenic  health  effects  at  2,000  ppb  TCE  in  drinki 
water,  the  SNARL  should  be  protective  for  children.  The  lO-day  value  of  200  ppb  should  provie 
at  least  equal  protection  for  a  longer  period  of  time. 

A  chronic  SNARL  of  75  ppb  would  appear  to  be  most  appropriate  from  Che  data  available.  Th 
SNARL  values  do  not  address  Che  possibility  chat  an  acute  exposure  may  induce  or  promote 
carcinogenesis,  since  the  knowledge  required  to  make  that  decision  is  not  known  and  the  data  f 
is  not  available.  The  estimates  by  NAS  for  incremental  cancer  risk  for  lifetime  (70  years) 
exposure  range  from  ^.5  ug/1  to  A5  ug/1  as  equivalent  to  1  in  1,000,000  and  I  ir  100,000  risk, 
r e £  re: : 1 V e  1  y .  The  equivalent  excess  risk  of  75  ug/l  for  a  lifetime  would  be  ;•  o.  2  per  100, C 
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SUMMARY 


SWARLS 
As sunpt ion 8 1 

1,  Looking  st  sensitive  population. 

2.  Using  a  child  weighing  10  Kg*  who  drinks  one  liter  of  water 

per  day.  . 


3.  Considering  only  toxic  effects. 


Compotind 

Len^h 

of  Exposure 

• 

7'  days 

10  days  1  month 

•  llfC'^time 

trichloroethylene 

2  ng/1 

200  ug/1 

75  ug/1 

tetrachloroethylene 

2.3  mg/1 

*  • 

ISO  ug/1 

40  ug/1 

1 , 1 , 1-trichloroethane 

/ 1  mg/l 

benzene 

.  350  ug/1 

polynuclear  aromatic 
hydrocarbons 

25  ug/1 

Cancer  Rieka 
Assumptions  I 

% 

1.  There  is  some  risk  at  any  level  of  exposure,  and  the  risk  increases 
as  lifetime  exposure  increases. 


2*  Using  70  kg.  adult  living  70  years  who  drinks  two  liters  of  water 
per  day.  •  .  , 


Compound 

trichloroethylene 

tetrachloroethylene 


e  in  10-® 


.y 

473^g/l 


3.5  ug/1 


Excess  Risk 

.  One  in  10-^  Two'  in'  10-^  Six  in  10-^ 
45  ug/1  75  ug/1 

35  ug/1  20  ug/1 


'-2- 


Draft  SNARLS  (not^to  be  released) 

Us sumption SI 

1  •  looking  at  sensitive  population* 

2*  Using  a  child  weighing  10  kg*  who  drinks  one  liter  of  water 
per  day* 

3.  Considering  only  toxic  effects*  , 


i 

- 

i 


Compound 

v/nethylene  chloride 
carbon  tetrachloride 
^/toluene 

methyl  ethyl  ketone 


Length  of  Exposure 

1  day  7  days  *  10  days  1' month 

13  mg/1  1*3- 1.5  mg/1 

200  ug/1  .  20  ug/1 


1  mg/1 
1  mg/1 


I  acrylonitrile 
polychlorinated  biphenyls 
dlbroroochloropropane 
1,4-dloxane 

xylenes  12  mg/1 

chlordane  63  ug/1 

1/1  Dlchloroethylene  1.0  mg/1 

Tran8-1/2  Dlchloroethylene  2.7  mg/1 
C18-1/2  Dlchloroethylene  4.0  mg/1 
Ethylene  Glycol  19  mg/1 


35  ug/1  3  ug/l 
1  ug/1 


20  ug/1 
1.4^mg/l 
63  ug/1  ’ 

0.27  mg/1 
0.40  mg/1 


I 


llfe-tlme 
150  ug/1  2 


0.3  ug/1 
0.05  ug/1 

620  ug/1 
B  ug/1 
70  ug/1 

5.5  mg/1 
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SNARL  For  Trichloroethylene 

Health  Effects  Branch,  Criteria  and  Standards  Division 
Office  of  Drinking  Water 
U.S.  Environmental  Protection  Agency 
Washington,  D.C.  20460 

The  Office  of  Drinking  Water  has  reviewed  the  current  literature 
on  the  health  effects  of  trichloroethylene.  Both  data  from 
animal  tests  and  some  studies  from  high  level  exposure  in 
humans  were  used  as  basis  for  extrapolating  to  levels  in 
drinking  water  that  would  result  in  negligible  risks  to  the 
general  human  population.  When  considering  toxicity  that 
does  not  include  the  risk  of  cancer,  we  generally  use  a 
child  weighing  10  kg  (22  pounds)  and  drinking  one  liter  of 
water  per  day  as  the  basis  for  calculations  of  short  exposure 
(acute)  toxicity  and  longer  exposure  (chronic)  toxicity. 

These  levels  are  derived  using  safety  factor'  from  classical 
toxicology  and  a  logic  similar  to  that  used  by  the  National 
Academy  of  Sciences  in  "Drinking  Water  and  Health."  When 
considering  the  possible  cancer  risk,  where  it  is  assumed 
that  there  is  some  risk  at  any  level  of  exposure,  and  that 
the  risk  increases  as  the  lifetime  exposure  increases,  we 
use  the  70  kg  (154  pounds)  adult  living  70  years  who  drinks 
two  liters  of  water  as  the  base,  and  calculate  the  excess 
cancer  risk  above  the  normal  background  according  to  a 
mathematical  model  developed  by  the  National  Academy  of 
Sciences  in  "Drinking  Water  and  Health,"  and  based  on  animal 
tests  conducted  by  the  National  Cancer  Institute. 

The  drinking  water  levels  that  we  have  calculated  providing 
a  margin  of  safety  from  likely  toxic  effects  in  humans 
(assuming  that  1002  of  the  exposure  is  from  drinking  water) 
were  related  to  the  length  of  time  that  water  is  being 
consumed,  and  range  from  short-term  emergency  levels  to 
long-term  chronic  exposure.  We  have  separately  computed  the 
potential  additional  cancer  risk. 


2 


The  computed  drinking  water  guidance  levels  for  effects 
excluding  cancer  risks  are  as  follows: 


Time 

1  day 
10  days 

Chronic  (long-term) 


Concentrat i on 
2  mg/l 

0.2  mg/l  (200  ug/l) 
75  ug/l 


The  computed  excess  lifetime  cancer  risks  from  the  NAS  model 
at  various  exposures  assuming  the  70  kg  adult  drinking  two 
liters  of  water  per  day  for  70  years  at  the  indicated  concen- 


tratioa  are  as  follows: 

Concentration 

4.5  ug/l 
45  ug/l 
75  ug/l 


Excess  Risk 

one  in  1,000,000 
one  in  100,000 
approximately  two  in  100,000 


The  development  of  a  SNARL  for  trichloroethylene  does  not 
condone  its  presence  in  drinking  water,  but  rather  provides 
useful  information  to  guide  control  priorities  in  cases 
where  it  is  found  as  a  contaminant.  Human  exposure  to 
contaminants  in  drinking  water  such  as  trichloroethylene 
should  be  reduced  to  the  extent  feasible,  to  avoid  Che 
unnecessary  risks  from  their  presence  as  adulterants.  The 
applicable  treatroenC  technologies  include  aeration  and 
granular  activated  carbon. 
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